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EDITOKIAL NOTE. 



In repoiting progress, I have to state that the portion of this Dictionary now 
published is of sufficient extent to render apparent, by examples, the plan and 
scope of the whole work, the Second Division of which, contained in the present 
Yolmne, supplies specimens of extensive articles on leading branches and important 
departments of engineering skiU and industry. For instance, the article on 
BoHiEBs, which treats of the generator of the motor Steam, occupies 90 pages, 
and is illustrated by 140 suitable engravings on wood; the article on BoBtNO 
AND Blasting extends over 85 pages, and is illustrated by 148 wood engravings. 
Brake, with its 69 cuts, makes 44 pages. In the present volume,. Bbidge and 
BBiDGE-BuiLDiNa, with the accompanying 120 wood engravings, take up 150 
pages. Many other articles might be named that occupy more space than one 
of the current semi-monthly parts. A sUght inspection will show that this 
Dictionary ^ be amply iUnstrated. as the First and Second Divisions, occupying 
768 pages, contain 1575 practical diagrams and working designs. 

The practical mechanic or engineer — especially if he has neglected to study 
mathematics, abstract mechanical principles, chemistry, orthographic and other 
projections — should pay particular attention to the artides on Aloebbaic Signs 
and Atomic Weights; Aooblebation, p. 7; Aib-chambeb, p. 34; Angle- 
BBACKETs, p. 91 ; Angulab Motion, p. 103 ; Boileb, pp. 395, 416 ; 425, 735 ; 
Bobing and Blasting, p. 572 ; Bbake, p. 618 ; Bbidge, pp. 665, 683 ; Note 
&n Triffonometrtfy p. 688 ; Spibal Sxtbfaobs, p. 728. 

Many original investigations and solutions of important mechanical problems, 
not to be found elsewhere, are and will be given in this work ; see pp. 46, 236, 
429, 619, 629, 665, 764. 

Among the subjects which will be immediately treated of I will name the 
following : — The Mining, Metallurgy, and Working of Copper ; Coast Defences 
Cotton Machinery; Casting and Founding; Cranes; Coal-working Machinery 
Caisson ; Cements ; Concrete ; Cams ; Cork-cutting Machinery ; Cask Machinery 



viii EDITORIAL NOTE. 

Chimneys and Chimney SUsiRa ; Details of Engines ; Drilling Machines ; Dyna- 
mometers ; Draw - Bridge ; Distilling'; Docks ; Dredging Machines ; Drainage ; 
Diving Apparatus. 

The proprietors of inventions and of important machinery in active operation, 
which poesees phases of interest but^Uttle known, are invited to forward to me 
Plans and Descnptions of such specimens of skill and ingenuity that may appear 
snitable to the character of this work. Communications not made nse of will be 
returned after the work is completed, and all contributors will receive due credit 
for their contributions. 

OLIVEB BYBNE. 



BODY-PLAN. 386 

The cHoioe of a deck-line has everything to do with the oBefulness of a ehip for its purpose, 
more even than her behaviour at sea. This main or oonstruction deck is, in smaU vessels, the 
uppermost deck, but in larger vessels there is a spar-deck above it ; in a three-decker there are 
three decks above it, and m the GBEAT EASTERN there are four decks above ft fmd four 
below. As a general rule also, when a vessel is deeply laden, this deck is an eighth or a tenth of 
the beam of the ship above the water. 

A little consideration of the purposes a main-deck has to serve will help to indicate how 
various its shape should be. In a vessel meant to be fast, one would wish its point to be like 
the rest of the bow of the ship, fine and sharp, becauscL if we put a full and bluff deck on the top 
of a fine fast bow, we not only give the vessel many oad qualities in pitching in a sea, but the 
fulness of the deck-line will be continually taking speed from the ship whenever the sea meets it, 
and so counteracting the very quality we meant to gain by giving a sharp bow under water. This 
argument ia favour of sharpness appears at first sight inconsistent with the quality of a roomy 
fore-deck, which is to be obtained by a great, broad, bell-mouthed bow, flaring out wide over the 
surface of the water. Such a bow the old school and our Dutch neighbours dearly love -and still 
believe in ; and we should never have succeeded in introducing the fine sharp deck aloft, in opposi- 
tion to the traditional prejudices and professional proverbs, in which the wisdom of seamen has 
come down to us, but for the fact,' that the full projecting deck-line aloft has been found &tal to 
speed, and especially to speed in bad weather. There can be no doubt that in fine weather a 
large roomy bow on deck is a lujidsome and agreeable tiling ; all the work of the ship can be done 
in it comfortably and handily. There is room for everything, and to spare ; nothing is huddled 
up, and you can get freely about everything : all this can be said with great plausibility and some 
truth, and it is still more applicable to a ship of war than to a merchantman, because, in chasing, 
it is desirable to lay two long guns parallel to each other in the line of the keel, and to be able 
to run them out through two bow ports, clear of everything, and to work them comfortably in that 
position. It was long pretended tnat it was impossible to do this on a sharp, fine deck-line, and 
for many years did Admiral Berkeley delay the improvement and stop the speed of our finest 
ships, for this crotchet, which in the end turned out to be a crotchet, and nothing more. 

The simple fact is, that the roominess, dryness, and comfort of a full deck-Une, instead of a 
fine one, is, impression or belief^ and nothing more. If you imagine that a fine bow is got by 
cutting so much room off a full bow, and so diminishing the extent of available deck-room for 
working the ship, you may consider the fine bow as narrow, confined, and inconvenient ; but the 
practicflJ fact is the contrary to all this. The fine deck-line of a modem fast ship is not got by 
cutting anything off the length, or off the width, or off the roominess of a deck ; the sharp bow is 
got by adding on a fine entrance to a bluff one, and by lengthening the deck : the full parts of 
the ship and of the deck remain where they were. All that is necessary, therefore, is to take 
care that the work and working parts of the ship shall, in the fine bow, be kept well back in the 
broad open space of the deck, and not crammed forward into the narrow space, which has been 
superadaed, and which should be kept perfectly plear and unhampered. It is also a further 
peculiarity of the fine bow and fine deck-line, that the foremast stanos much farther aft than in 
the old fall bow, and that there is, therefore, more room before the mast : care must, therefore, be 
taken to l^p windlass, caps^n, catheads, anchors, and all the' working parts in the bow, well 
aft, — not to give room merely, but also to keep heavy weight, as it always ought to be kept, out 
of the extreme bow of the ship. 

There is another way of looking at this matter. I am very fond, says Bussell, of covering in the 
whole of the fine part of a deck forward with a light forecastle bulkheaded ofi^ especially in iron 
ships. It is a great convenience, and forms capital quarters for the crew : it keeps the head light 
and dry ; and immediately abaft the fore^tstle a broad, roomy deck is still to be found. But there is 
another way of giving a roomy deck, that is, a wide one, on a sharp-bowed vessel. I have done it in 
vessels of war with perfect success, so as to make an extremely fine bow carry two long 8-in. guns 
parallel to the keel, through two comfortable ports, with ample room all round to work and train 
them freely. This I did by shortening the deck, or stopping it very much short of the bow, 
carrying the bulwark round the bow considerably behind the stem ; the real deck beyond the 
bulwark forming part of the h^, which, instead of being grated and overhanging the sea, had a 
solid oak deck over the greater part of it, leaving the head as convenient as before for all practical 
uses. In this way the bulwark of the deck left the real line of the ship 80 ft. short of the stem, with 
a fine, round, roomy deck to delight the heart of a commander of the old school, by giving him all 
he wanted on the inside, without impairing the form, which the sea demanded, on the outside. 

There is yet another way of planting a full, round, capcusious deck-line on a fine, hollow, fast 
water-line, and yet perfectly reconciling them to one another, so as to form a handsome, sym- 
metrical, sea-going ship. This is to carry out the tumble-home bow. Of this system I am a warm 
advocate : it makes a vessel dry, easy, and safe. For a long time there has been much prejudice 
against it. The rising generation will probably adopt it largely ; for the length and size of 
vessels will increase rapidly, and render it unnecessary to seek room by means of an exaggerated 
bow-line over a fine water-line. To carry out properly this system of tumble-home bow, it is only 
necessary to take a tolerably full, easy deck-line, composed of two circular or two parabolic arcs, 
laying them over the water-line, and so far behind it, as to be easily reconciled with it, by means 
of the cydoidal buttock-line ; a process which will be guided, in a great measure, by the point at 
which the cydoidal buttock-line, already drawn, meets the level of the deck. 

In the stem, there is even greater scope for management and fitting for use. I believe in large, 
capacious, roomy stems. I think room can be got there with less cost and sacrifice than in any 
other part of the vessel ; and hence the stems of my ships have, been called, by those who delight 
in small, narrow stems, ** Soott-Bussell's ugly stems." A small, handsome, light, little stem, may 
be eyesweet and pretty, but, to my mind, it is a costly whim. I scarcely know any good quality of 
a ship which is not improved, or any economy which is not enhanced, oy a large, roomy stem and 
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„ ir cabiiu, airj as well u 100107, « . . . _ 
that iwt of » ship wbich pajl the owner beat. 
In a ahip of vu it gives a maKnifloenl room; 
poop, ^d pleolj of apooe for wowing the itern 
giuu; which however are, perhapa, setdom wanted 
m a British ship of war. There it yet this further 

■ rooommsndation teyoud all.— that the roomines* 
and fulneea of the stern in the oeighbonrhood of 

. the deck-line is the greatest elemeol of safetp 
in the ship's most perilous position, of mimiiig 
before a heavy wind in a storm, and in moat 
circnnutances it maj be used with advantage to 
enhanoe the stability and seit-going qualities of 
the ship. 

The best way to torn the stem to advantage, 
for IWMU and wholesomeness, is to carry the 
breadth on deck well aft, to taper the ship in 
towards the stem but Utile, a' - - '* 



ing,. howeTer, and not extending t , 
vOTtical butloch-line already given. Here wa 
may steal a great deal of room from the sea. 
An earl; qneation ari«e«: Shall we make the 
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BroidLh eitnme 24 

Drptli at tin lida IS 
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etem roond or square? I answer,— Its balk is 
the main point : its shape is of less consequence. 
If you like, as a matter of taste, to cut the 
comers oft, it becomes a round stem ; and nothing 
is more common thau to see people cut off the 
stem iD«ide, and then stick something on the 
outside, to make up in appearance for the comers 
cut off. When very titue is cut off the comers, 
it has been conunon to oall it an tlliptiaJ ilera, 
although it never is on ellipse; and when much 
is cut off, the stem is called round, although it 
never is circular. Mv own opinion about the 
precise outline of the deck astern is, that, so far 
as the qualities of the ship out of water are con- 
cerned, it is of little importance. 

The constructor is now prepared to adopt a 
definite form for his deck-line, which is plsinly 
a oompound affair of policy, diplomacy, and taste. 
For a trial line I should use, fonrard, two arcs of 
a circle, intersecting at the bow, and havbg their 
oentres on a line drawn atbwartabips, h^f-wsy 
between the perpendiculars ; thence I should 
incline by two parabolic area, gradually narrowing 
to the breadth of the intended stern; and, for 
that breadth, I should adopt, at the point where 
it passes the perpendicular, some specific propoi^ 
tion — 6, 7, or 8 tenths — of the midship breadth; 
finishing with wbnteyer straight line or curve 
may have been determined on, as regards room 
at the stem. Indeed, in a vessel of no gre*t 



length, nnd vithout mnch oTerbangin); oooiiter, I 
cannot aeo ftny harm likely to arise from canying 
the fall bieadth of tbs deck uuidahips right aft 
to the stera, with merely Bufficient ourrature to 
give eji agreeable line. 

The completion of the dcoign now requires xm 
to reconcile these fonr ruling lines of the ihip 
with one another. In this operation, what tha 
oonstructor most keep mainly in view, u to ex- 
tend, u fur as possible, through all the remaining 
lines of the ship the good qualities which haTo 
been eatabliaheit in the ruling lines. 

To Cotutruct the remaining Waler-tinei.—It ia 
moat desirable that the water-lines of the entrance 
should be as exactly as possible of the mne 
form, on reduced breadth, as ttie main water-line. 
There will be some difficulty in doiug tbia, espe- 
cially near the keel: and the tendency of then 
lines will be to elongate themselves forward. 
This is to be aToEded. 

The remaining water-lines of the after-body 
are to be constructed on nearly an opposite prin- 
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this they will do naturally, becauae the main 
buttock-line, which mica the after-body, compels 
the water-lines to increase rapidly in flBenesB, as 
they go down in the water, and to extend rapidly 
in fulness, as they riae to the surface: thus 
giving what I believe to be the best kind of stern, 
namely, very fine below and_ very full above. In 
this respect it is a contrast' to the bow, which is 
kept as full as may be, aansiatently with the chief 
water-line, all the way down. 

It is desirable to have at least three complete 
water-lines, in order to form a ftist approximation 
to the complete calcolalion of the ship. 

On the Comptetim of ikt Vertical Crma-teBtiont, 
or Bodii-ptin. ~ The crosa-sections ore all to be 
regarded as midship sections modified, but each 
of them giving, to the part of the ship where 
it lies, qualities which either enhance the good 
qualities of the midship section, or impair them. 
A vessel, with a fine, powerful midship section, 
may easily be impaired by fcebte ends, and a 
weak midship section may be reinforced by good 
CMSB-sections, specially in the after-body. What 
the designer bos to bear in mind, then, is to study 
how far he can enhance, support, and carry out 
the qualities of the main midship section in the 
rest of the body. In this attempt bo will be 
materially aided by the choice which he makes 
of that crosB-section which passes through the 
after-perpendicular. To this frame, being abso- 
lutely out of the water, he is free to give any 
2c 2 



shape be pleases; and having flicd this, be will 
flud tbfil, with Ibe mnin buttock-line, it niles the 
entire form of the after-body, and alwi conlrDla 
materially the Burfooe water-line of the stem. It 
ia this stem croea-aection which I am in the habit 
of making very full, in order to turn the after- 
body to the beat possible account. Great cautioD, 
however, baa to bo observol, not to make thia 
fulness abrupt ; otherwise, when rising and falling 
in the sea, the counter will be apt to strike the 
water with violence. 

The circumstance, that this portion of the 
vessel remains so entire!; subjert to the free will 
of the deaigner, makes it, for the inexperienced, 
the moat difBcult part to decide and determine ; 
and a greater variety of forms will be found about 
the rwon of the stem above the water, than in 
any o£er pert of a ship. The learner wiU, there- 
fore, naturell; be disposed to take this from the 
best examples he can And, and for which I refer 
him to the l>e8t vesseU engraved in my work. 

The vertical sections of the after-bodv, fol- 
lowed oat in the manner I have indicated, will 
be found, as they approach the stem, to have 
beoomo ver; fine below and very full above ; and 
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BO they ongbt to be : but in the bow there wilt 
generally be foond a similar tendency of the lines 
to become extremely fine below, and to grow fall 
aljove, — and there it is neceasary to couateract 
this tendency, inatead of encouraging it, as abaft. 
The bow croas-Boctions must, therefore, be made 
to maintain tboii full breadth well down toward* 
the keel ; and care must also be taken that they 
do not spretul out rapidly at the surface of the 
water, and above it. The rensou why Ibe fulness 
should be preserved below is, that the business 
of the fine part of the bow, or cutwater, is to 
displace or remove the water out of the way of 
ttiat put of the ship which ia to follow; and if 
the bow part be cut away too flna. Ibis work will 
not t>e done, and the part behind will still have 
the work of diaplacement, with a bluffer entrance, 
and a shorter time to do it in, — which ia the 
same as to say, that it would then require mine- 
ceeear; force, by causing unneccnary resistance. 
The main water-line having, therefore, already 
rendered the bow sufflcientty One for the service 
of dividing the water, care must be taken not to 
carry this nnenees further than neoeaaary, or than 
it is carried in the chief water-line. 

Moreover, much care will be needed to prevent 
the cross-sections of the bow from flaring oat very 
tnuob, to meet the lino of the upper deck. To 
avoid thia, wo have recommended that line to be 
kept fine, and to be thrown as far backwaida from 
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the (bre-perpendicular as ramvenientl; prectiratble. Moreover, the c^cloidal battock-line, properly 
used, will help to throw tbo deck b«ck, and to prevent it from Bprettding over the fine bow : 
netertbelese, it will sinsya be a matter of great difficult; to reconcile tbo wave wator-line, the 
fall deck, and the cjcloidal buttock-line ; but when it ia well done, it makea tbe moat beautiful, 
lu well aa tbe beat, of all eeft-bows. For freah-watBr bowa it doea not matter bow much the deck 
flarefl out, or bow much it overhangs the water : it ie in the sea that the true skill of the anxiin- 
pliabed naval architect ia to be developed. It ia not the best voyage in fine weather, but the beat 
behaviour in bad weather, which gives reputation to the truly seaworthy abip. 

BOILEB. Fb., Ciaudiire a mpeur ; OiB.. Dampfimael ; ItAL., Caldaia; Span., Caidera. 

A boiler is a strong metallic vetsel, uanally of wrougbt-iron platea riveted ti^ether, in irhicb 
steam is generated for driving engines, or other pnrposes. 

Fig. ^ is a section of a locomotive bailer ; A, flre-boi r B, combiution chamber ; D, grate : 
C, ash-pan ; E, water-legs ; P, crown sheet ; H, wagon-top ; I, steam-pipe ; J, steam-dome ; 

O, guaset; F, barrel; % flues; 

N, breecbea-pipe : H, smoke-boi ; 
h, saddle; O, blast-pipe; B, dry- 
pipe. 

A itmrn boiler generally cODSists 
of a flre-boi, where tbe combustion 
of /tie/ occurs, and flues, through 
which the prodncta of combustion 
PMS into the chimney. These ports 
are made of thin metal, and stur- 
toonded by water, which, together 
with the steam room, is contained 
in an outer shell. The principal 
varieties of boilera ore,— tbe cylinder 
boiler, which consiEts at a single iinn 



are aliigle shells oontainii^ a small 

number of large flaea, thnnigh which the heat either passes from the Are or returns to tbe chimney, 
and sometimes containing a flre-bes enclosed by water; the muitiflae or loannetine boiler, which 
ta of an eneloaed fire-box and a large number of small flues leading to the chimney ; and the 
fu&f boiler, which consists of an endosed flre-box and a flreH^hambor filled with small tubes, 
thtongb which tbe water circulates. Tubular boiler, a multijiue Or multitubular boUer, in dis- 
tinction from a boiler with large flues. 

Copper, when the temperature of the steam does not eicoed 200° Fahr,, ia tbe best material for 
boiler construction, its power of oonducting beat being nearly doable that of iron ; a copper boiler 

of only one-halt the BUperficial contents of an iron '" ' -—-'-- ■■■- -' ■ 

The power of oopper in conducting beat Is about Si 
greatest cohesive strength, yet mannfaoturers 
generally construct their oopper boilers of 
Uiiimer metal on acconnt of uie greater uni- 
formity in the substance of copper plates as 
well as for the sake of economy, oopper being 
five times the cost of iron ; but an old wom- 
oot boiler is worth three-foDrths its original 
value, whereas the value of an old iron one is 
comparatively trifiing when tbe cost of removal 
ii dedncted. Copper baa also been proved to 
be tbe safest: when a copper boiler bursts or 
explodes it is merely rent open, but an iron 
boiler is generally blown to pieces. 

Fig. KM, which is a longitudinal section of 
a marine tubular boiler, shows the general 
arrangement of parts in a marine boiler. A is 
the ash-pit; C dead-plate; EE the grate; 
FF tbe uptake: OG the tubes and tube- ' 
plates ; H the back uptake, flame^;hamber, or 
rising flue ; I the chimney ; O tbe bridge ; and . 
PF stay-rods. 

The bailer shown in Figs. 835, 636, 8 . . 
is aooording to an arrangement invented by 
David Thomson, and successfully introduced 
by Richard Horeland and Sons, London. 

Fig. S35 represents a longitudincd section, 
and Fig, 836 afront elevation and cross-section 
of a Thomson boiler, S ft. long and 5 ft. 6 in. 

diameter, having the same amount of beating-surface as an ordinary Cornish boiler 27 ft. long 
and 5 ft. diameter, with an internal flre-tubc 2 ft. 9 in. diameter. Fig. 8.17 is a front elevation 
and cross-section of a boiler, 8 ft. long and 8 ft. diameter, having as much heating-surface ex the 
very largest sized double-flued Comish boiler 33 ft. long and 7 ft. diameter, "nie fire-chamber 
is the same as in Cornish boilers, and is fitted with the usual furnace door and adjustable ^ide 
to admit air over the fire for the combustion of the smoke. The ash-pit is also fitted with a door, 




by meani of irhich tho drftti)rht can b« related. The prodacts of oombuation, aftar paning the 
flre-bridgs, m»ke their way through perforated flr»-brick into a roomy chamber lined with fire- 
brick, and thence pass tbrongh the anutU tubes to the fnmt smake-box, from which they return 



through the larger tubee to the chimney, mperheatiog and drying the steam in their passage. 

The steam-pipe extends internally oter the whole length of the boiler, and is pierced with small 

holes, wbicli cause it to take the steam equally from all parla of the bailer, while tho steam is 

compelled by tlie plate a, Figs. 833 to 837, to pass over mi. 

the heated surface of all the large tubes before reaching 

the steam-pipe. Ogle, of whom we shall hereafter speak, 

introduced this description of steam-pipe in some of the 

later arrangements of his boiler, Wben the boiler ia used 

for non-coDdenaing engines, it is advisable to bring the 

exhaust-pipe of the engine to the bottom of the chimney, as 

at 6, Fig. 835, where it serves to stimulate the draught. 

But provision is made for increasing or regulating the 

draught to any extent by a steam jet-pipe c. Figs. 836, 837, 

having a smnll hole opposite the centre of each of the large 

tabes, by which a jet of steam can be projected through 

it. This method of applying tho steam jet to increase the 

draught is found to be much more certain, powerful, and 

economical than when applied in tho chimney. I 

This boiler, oonstructed by the Morolands, is short and | 
of large proportional diametor, and from its circular form 
is well adapted for high pressures. There is also a large 
amount of hesting-surfaoe within a small bulk, and no 
boiler-seating is required : hence it is a boiler suitable for 
situations where space is limited, or when it is desirable to 
reduce the cost of fixing and of brickwork. 

The wagon-boiler, Figs. 838, 839, is used for generating 
lov-pressnre steam only. 

In Figs, 838, 839, which are transverse and longitudinal sections respectively, A is the snpply- 
pipe from the hot wall terminating in the cistern at the top of the feed-pipe : It cistern at the top 
of feed-pipe, having a valve fixed at the bottom ; C the Boat employed to regulate supply of water 
to boiler. The water is kept at the same height by its action upon the valve at the bottom of the 
feed-pipe; thus, when there is not sufllcient water id the boiler, thedoet sinks, pulls down the arm 
of the lever a a to which it is attached, and opens the valve, since the cnnnteibalancing weight d 
flied at the other cud of the lever will only support the float when in its proper situation in the 
boiler and at the required level of the water. D is a self-acting damper for regulating the con- 
iomption of fuel; £E gauge^ocks; Q steam-gauge; H safety-valve, regulated by the engineer; 
I air-valvo, or atmospheric safety-valve; U the locked safoty-valce. Apipe is shown at the lop 
which leads the steam that escapes into it to the fine or into tho air. The steam passes from the 
boiler through tho steam-pipe ; a valve, called a throttle- valve, L, being placed in it for regulating 
the amount of steam to tlie cylinder ; M furnace-bars ; N the tlae ; 8, 8 stays. 

Figs. 840 and 841 represent longitudinal and transverse sections respectively of the Whittle 
bailer, a, a are the pIat«B forming the body of the boiler; A, ft the inner casing or lining: c is the 
circulating space between the inside of the boiler and casing, 6. When heat is applied to the 
ODtsideof the boiler a, the water in the space c is first heated, and oonunences to ascend in the space 
c ; and as the heat increases, a rapid circulation of the water and steam takes place up the heated 
■ides of the boiler. When the water and steam reach the upper edge or lip of the caamg b (which 
extends a little above the water-level), the steam is separated from the water, which steam occu- 
pies the nnper part of the boiler; but the water boiling over the edge of the lining or casing 4 into 
the central part of the boiler, deaoenda through the short upright pipes d d through the bottom of 
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the lining into the space c, and thus maintains a oontinnons ciicnlation so long as heat is applied. 
The mud carried over settles on the bottom of the lining, as shown in the figures, where it is 
retained, thus preventing the formation of deposit on the plate of the boiler. By this arrangement, 
the boiler is kept clean and not liable to rapid incrustation. When Cornish or fluid boilers are used, 
as shown in Fig. 842, the flues are surrounded by a casing e e, the circulation taking place up the 
space //, the hot water and steam being delivered at the opening g, as shown in the dniwing. . 

Fig. 843 represents the application to a marine steam-boiler, where 6 6 are the linings or 
diaphragms between the series of flues c c of the boiler. By the use of these linings or diaphragms 6 
a steady circulation of the water in the boiler is set up, and the mud and deposit are^ in conse- 
quence, made to accumulate at the bottom of the boiler, from whence it mav be blown off. 

Before giving an extensive analysis of the different arrangements of locomotive, marine, and 
other boilers, designed to effect particular objects, it is necessary to point out some of the leading 
properties of heat, water, and steam, determined by abstract reasoning and corroborated by 
experiment. 

Galobifio Capacity op Bodies. Unity of Heat, — In observing the general mode in which 
bodies become heated, we recognize this fact, which may be said to be purely external, that in 
order to bring. different quantities of a same substance to a same temperature, the same com- 
bustible being used, the weights of the latter must be proportional to those of the substance. 

For example, if 10 kilogrammes of coal are requisite to raise the temperature of a certain 
weight of water from to 20 degrees — ^the conditions remaining unaltered — ^it will take 20 kilo- 
grammes to perform the same operation upon twice that weight of liquid. 

The reduction of this observation to the accurate data of science led to the following positive 
result, namely : That, to raise a same weight of a same homogeneous and determinate substance 
one degree in temperature, the expenditure of a same quantity of heat is invariably necessary. 
And moreover, with certain restrictions : That the quantities of heat required are proportional to 
the weight of that same body and to the increase of temperature. 

This being once established, it became easy to create a representative value capable of serving 
as unity of comparison in the various interchanges of heat that take place between different bodies, 
and of enabling us, also, to estimate the quantities of heat supplied by caloriflc sources. For that 
purpose it was sufficient to select some homogeneous substance, and to adapt, as point of com- 
parison, that exact amount of heat that was required to raise its temperature by a given value. 

Acting in accordance with these principles, that Quantity of heat which is necessary to increase 
the temperature of one kilogramme of water by one aegree centigrade is what has been adopted as 
the unity, and serves to compare all the interchanges of heat that are observed. 

Consequently, if we take a kilogramme of water at zero, and raise it to the temperature of one 
degree, we say we have g^ven it one unit of caloric ; if to two degrees, two units ; and so on. In 
like manner, one kilogramme of water, at any temperature above zero, is considered to possess as 
many units of caloric as it has degrees of temperature. 

We are here speaking of water in its liquid state, and of its heat in so far as it is sensible to 
the thermometer, but not of the total amount of heat it in reality possesses at a given temperature. 
We shall hereafter see that the greater part of the heat contained in a body is latent and constitu- 
tive of its liquid or gaseous state. 

Let us, as an example, suppose a red-hot bullet to be plunged into a vessel of water, and then 
observe the increased temperature derived by the latter from the cooling of the bullet, as it 
abandons its heat in favour of the liquid. By taking into consideration the water only, and setting 
aside the losses of caloric occasioned by evaporation and radiation, it will be easy to estimate the 
amount of heat gained bv the liquid mass, by means of its actual weight and increased temperature. 

From what has just been said of the connection that exists between the temperatures in degrees 
and the quantities of heat, if 50 kilogrammes of water, at the temperature of 12 degrees, acquire a 
temperature of 45 degrees by the immersion of a heated body, the quantity of caloric gained oy the 
water will be ascertained by finding the product of the difference of the observed temperatures by 
the weight of the mass expressed in kilogrammes. 

Let W be the weight of water in kilogrammes ; 
t be the original temperature ; 
^ be the increased temperature ; 
n be the number of units of caloric gained ; 
we have 

n = (** - W ; whence n = (45 - 12) 50 kilos. = 1650 units. 

The reasoning would be precisely the same if it were required to find the number of units of 
caloric lost by the immersion of a body colder than the water. 

If, for example, we plunge a very cold body into 50 kilogrammes of water at 45 degrees, and 
that, the temperature being thereby reduced to 10 degrees, we wish to know how many units of 
caloric have been lost by the water after the equilibrium hsks been restored, we have, as before, 

n = (45 - 10) 50 = 1750 units. 

Specific Heat.— A. hoAy is said to have a greater or less capacity for heat, according* as it requires 
a greater or less amount to cause its temperature to vary an equal number of degrees. If, by com- 
paring two equal weights of two different substances, it be found that, in order to increase their 
respective temperatures by one degree, it takes twice the quantity of heat in the one case that it 
does in the other, we conclude that the calorific capacity of the one mass is double that of the other. 
By representing, therefore, the smaller capacity by 1, we may represent the larger by 2. 

The calorific capacity may likewise be characterized by observing the ratio of the tempera- 
tures acquired by equal masses of different substances to which equal quantities of heat have oeen 
communicated ; the coldest evincing, necessarily, the greatest calorific capacity. Moreover, the 
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niunerical ratioB of thoee capaoitieB will be represented by the temperatures expressed in degrees, 
but in inverae proportion. 

For instance, supposing that we plunge three equal bullets, of the same metal, and heated to 
the same temperature, into three equal volumes of different liquids, and afterwards find that the 
temperatures of those liquid masses have been respectively raised 1 degree, 2 degrees, 3 degrees ; 
it may be said that their calorlfio capacities are inversely proportional to these increments of tem- 
perature, that is, as 3 : 2 : 1. 

So that the calorific capacity of a body, or its specific heed, is represented by a number, similar 
to a ooefOicient, and which has reference to the unity for which the specific heat of a certain sub- 
stance serves as standard. 

For liquids and solids the standard chosen is water, the unity of heat corresponding, as we have 
already stated, to that quantity which is necessary to raise Uie temperature of 1 Jolognunme of 
water 1 degree. 

In the case of gases, atmospheric air has been selected as the standard of comparison ; but 
water must, nevertheless, also be used, so that absolute practical values may be obtained. 

When we wish to find the respective calorific capacities of gases, we compare them, one with 
another, in equal volumes, but imder two different conditions. 

When a gas is heated, it expands, and tends to increase its volume. If it be subject to a con- 
stant pressure, that augmentation takes place freely, according to the value of its coefficient of 
expansion. If, on the contrary, the space that it occupies be inextensible, its volume remains the 
same, but its pressure increases. It has, consequently, been the preoccupation of physicists to 
ascertain whether, imder these two conditions, the calorific capacities of gases might not be 
different ; and that is why the Tables, giving the results oi their labours, show two columns, based 
upon the foregoing consideration. 

From the purely practical point of view we are now taking of the subject, this distinction is, 
perhaps, not of anv very great importance, especially as the differences themselves are not very 
considerable ; but it was necessary that we should mention it, in order that the following Tables, 
borrowed from the illustrious aavanU to whom we are indebted for these useful researches, may be 
better understood. 

We must further state that it is our infention to cite such substances only as are susceptible of 
being employed in the organs of motion about to occupy our attention. 

To render these Tables perfectly intelligible, it will be sufficient if we define clearly what is 
meant by the numerical value of the coefficient of specific heat, or simply, by the calorific capacity 
of a body. 

It being agreed to term unity of heat that quantity of caloric which increases by 1 degree the 
temperature of 1 kilogramme of water, comparisons were made with a large number of substances, 
and it was found that that same amount of heat produced, in every kilogramme, modifications of 
temperature that differed widely, according to the substance to which it was applied ; and that, in 
nearly all cases, the elevation of temperature was much more considerable than that of the water. 

But this very definition of calorific capacity tends to show that the ratio between the increased 
temperature of the water, that is to say, one degree or unit for every kilogramme, and the increase 
of temperature of the substance under consideration, is precisely equal to the inverse ratio of the 
capacities of that substance and the water. 

Consequently, if c represent the capaoitv of water and t its increased temperature, c' the capa- 
city of the substance to oe compu^od and r its increased temperature, we shall have 
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But the value of both t and c being the unity, the capacity c' of the given substance is 

Whence we derive the following definition : 

The nwmerioal value c' of the coefficient of specific heat of a determinate substance is equal to the 
quotient of the unity divided by the increase of temperature produced by one unit upon one kilogramme of 
that substance. 

The values inscribed in the following Tables are precisely the aforesaid quotients for each cor- 
responding substance. A little later we shall give a few examples of the use of these values. * 

Tablb I. — Gapacitibs of Gasxb. 
Ascertained by MBC. Delaroche and Berard, those of air and water being taken as unity. 





CUorifIc CkptdtJet, that 6f Air 
Iwlng I for 


GapadtiM for 

equal Massea, 

Water being 

taken as uni^. 


Ratio of Gapadtiea for 


NameiofQMea. 


Constant 
Volumes. 






Equal Volumes. 


Equal MMfles. 


Constant 
Pressures. 


Atmospheric air 

Hydrogen 

Oxygen 


1*000 

0*9035 

0*9765 

1*9600 


1*000 
12*3401 
0*8848 

8*1860 


0*2669 
3*2936 
0*2361 

0*8470 


1*421 
1*407 
1*415 


1*00 
1*00 
1*00 


Steam 


According to Pulong. 



By this Table it is seen that, weight for weight, hydrogen is the most difficult gas to heat, 
since it requires twelve times more caloric than atmospheric air to raise it to an equal temperature. 
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After hydrogen oomea eieam, whose capacity is almost doable that of air, and very nearly equi- 
valent to that of water. 

The two last columns of the Table indicate, according to Dnlong, the variations undergone by 
the calorific capacities of the corresponding gases, whether they be considered under constant 
volumes or constant pressures while submitt^ to the influence of heat. We see that, the pressure 
being constant, the capacity varies from 1 to about 1 * 4, if the gas is compressed by tiie effort of 
expansion that takes place during heating. 

However, this queistion is far too complicated for us to give it ftdl extension here ; we have 
thought proper, therefore, merely to mention it by the way, referring those of our readers who are 
desirous of more deeply investigating it to special works upon the subject. 

Table n. — Galobifio Gapaoities of Yabious Substances. 
That of water being taken as unity. 



Ifaiiies of SalMtaaoea. 



Water 

Iron 

„ from 0° to 100° .. 

w »» 0^ n 300° . . 

Cast iron 

Steel 

Copper 

„ from 0° to 100° 
„ 0° „ 300° 

Brass 

Lead 

„ .. •• •• •• 

Tin 

»i 

Zinc 

oiass from 0° to 100° " 

" from o!° to 300°" 

Charcoal 

Coal and coke (average) 
Woods, various .. 



Oaloriflc CapadUes. 



1-0000 
01100 
0-1098 
1218 
1298 

0-118 to 0-127 

0949 

00940 

0-1013 

0-09515 

0- 09391 

0293 

0314 

0514 

0-05623 

0927 

0- 09555 

0-1770 

01900 

0-19768 

0-2415 

0-20 
0-600 to 0-650 



ObMrvatioiu. 



Dulong and Petit. 






n 
n 



Regnauli 
Dulong and Petit. 



n 






Regnault. 

Dulong and Petit. 
Begnault. 
Dmong and Petit. 
Regnault. 
Dulong and Petit. 
Regnault. 

I Dulong and Petit. 

Regnault. 



n 



n 

Mayer. 



This second Table, relating to the calorific capacities of the principal substances used in 
construction and manufactures, shows that, of them all, water possesses the greatest, and is, conse- 
quently, the most difficult and the most expensive to heat. The next is wood, and that which has 
tne smallest capacity is lead. 

Application of the Coefficients of Calorific Capacity. — ^The knowledge of the calorific capacities of 
bodies, and their representation by numerical values, lead to problems that are both highly inte- 
resting and extremely useful in their application. The principal ones may be summed up as 
follows : — 

Ist. Find the quantity of heat necessary to raise the temperature of a body a given number of 
degrees ; and reciprocally, how much heat must be withdrawn in order to lower its temperature 
in the same proportion. 

2nd. Find the temperature of a mixture, whether the bodies be equal or unequal in mass and 
calorific capacity. 

3rd. Find the effects of expansion produced bv given quantities of heat upon gases or vapours. 

We will endeavour to illustrate by a few examples these different modes of treatmg the question ; 
reserving, however, for later, further particulars relating to expansion, which may be more particu- 
larly interesting when we come to speak of superheated steam and of motors worked by gases. 

Eeaearches as to the Quantity of Ifeat corresponding to a given Variation of Temperature, — ^It has 
been seen, from the definition of capacity and the unity of neat, that the amount of caloric a body 
loses or gains, according as it becomes heated or chilled to a giyen number of degrees, is propor- 
tional both to its mass and to its calorific capacity ; since, if 1 kilogramme of water absorbs 1 unit 
in order to gain 1 degree in temperature, it would absorb 2 units for 2 degrees, and so on ; or else, 
2 kilogrammes wouloh-absorb 2 units for 1 degree : finally, 1 kilogramme of a substance whose 
specific heat is 0*5 would absorb half a unit to raise its temperature 1 degree, and so on. Conse- 
quently, the general formula for heating and cooling is this : 

n = * Wc, or fi = (e' — Wc, [A] 

t' — ^, or simply f, being the difference of temperature, or the number of degrees gained or lost. 

First example.— How many units of heat would be absorbed by 50 kilogrammes of water at 15 
degrees, that its temperature might be increased to 60 degrees ? 

n = (60 - 15) X 50 X 1 = 2250 units. 

The result wotdd evidently be the same in order to lower the temperature from 60 degrees to 
15 degrees. 
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Second example. — If 8000 units of heat were supplied to 500 kilogrammes of water, what would 
be the increase in its temperature ? 
By the preceding formula we have 

*=— ;whence* = j5^-^ = 6degrees. 

Third example. — How many units of caloric are given out bj 100 kilogrammes of iron when, in 
cooling, its temperature is lowered 200 degrees ? 

The preceding Table indicates that the calorific capacity of iron is 0*11, therefore 

n = 200" X 100k X Oil = 2200 units. 

Fourth example. — When 100 kilogrammes of a body give out 1000 units of heat in cooling, and 
its temperature is lowered 55 degrees, what is its calonfic capacity ? 

From the same formula whence we derived the value of t, we also obtain 

n 1000 

^ = ?W'"'^ = 65^n00 = ^'^^^^- 

To Find the Temperature, of a Mixtvre or Compound. — This problem is susceptible of various solu- 
tions, according as the capacities of the substances compounded are equal or different. We will 
give examples of both cases. It is possible, however, to establish a general formula, that will only 
be simplified if the masses or capacities are equal. 

If two substances be compounded whose weights are W and W', the temperatures t and t\ and 
the capacities c and c\ there will result a final temperature x, to find which we reason thus : 

After mixing, the two masses will have acquired an even temperature ; the one will be a 
certain number of degrees colder, represented by < — x , whence the number of units it wiU have 
lost will be = (< — or) W c ; while the other, on the contrary, will have acquired an accession of 
caloric (x-OW'c'. 

But since that which was lost by one of the masses has been gained by the other, these two 
quantities are equal, and give the following equation : 

(« - a?) W c = (a: - O W' c', [B] 

from which we obtain tW c4- 1* W' c' 

• = Wc + W'c' » [^ 

X being the required temperature of the compound. 

It is evident, however, that when the masses or the capacities are eoual, the symbols whereby 
thev are represented must be eliminated from the foregoing expression. For instance, if the masses 
of the bodies compounded were equal, we should have W = W ; and the relation would assume the 

followmg form: ^ T^^ , ; whence we have ^ . ^^ ^y— , where W necessarily disappears, 

leavmg x - ^^^, , [B] 

that is to say, the mass is not to be considered. 

If the capacities were equal, the same operation would be performed with respect to c and <f 
which would disappear, the formula tdking the shape 

*= W + W' • ™ 

Finally, if the masses and the capacities both happened to be equal, the expression would then 
be reduced to the following : 

It will be seen that the foregoing first eeneral expression [B] suffices to find the temperature 
of a compound imder every condition. "We may even suppose the form reversed, and that it be 
proposed to find the requisite proportions of a compound in order to obtain a given temperature. 
We will give a few examples of each particular case. 

First example. Equal masses ana equal capacities.—Find the temperature x of a mixture of 
two equal masses of water, the one at a temperature t = 25 degrees, the other at a temperature 
f = 40 degrees. 

Formuk[F]: x = ~~~ = T = 32-5 degrees. 

A St 

Second example. Eaual capacities.— What will be the temperature of a mixture of 10 kilo- 
grammes of water at 12 degrees and 15 kilogrammes at 50 degrees? 
Formula [£}: 

■ 

Third example. Equal masses.— 500 kUogrammes of water at 90 degrees are poured into a 
copper vessel of tiie same weight and a temperature of 15 degrees; find the temperature of both 
vessel and water, at the moment of equilibrium, supposing that there are no losses of caloric. 

Formula [D]. By the Table we find the capacity of copper to be 0-095. Consequently, we 
have 

c + c 14-0*095 
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So that the temperature has only fallen 6^*5, to raise that of the 500 kilogrammes of oopper 
from 15° to 83°* 5: this is owing to the enormous difference between the capaoity of water and 
that of oopper. 

Fourth example. All conditions differing. — A mass of iron weighing 150 kilogrammes, and 
at a temperature of 800 degrees, is plunged into 100 kilogrammes of water at 10 degrees; what 
will be the temperature of the water when equilibrium of temperature has been established? 

The different data of the problem stand thus : 

ru.»--s«^ /Water c = 1 

Capacities .. .. |j^^ ^, ^ ^.jl 

Tam«A«.*««» /Water < = 10° 

Temperatures .. jj^^^ f = 300° 

w • w /Water W = lOO'' 

Weights .. .. |i,j^ W' = 150* 

Formula [C]: 



X 



_ tWc + t'W 'c' _ (10° X lOO'^ X 1) + (300° X 150^ x Oil) _ «, ^7 ^ 

- Wc + WV" - (I00kxl) + (150'«x011) ^'-'^ degrees. 



Fifth example. Mixture of gases. — ^The preceding rules apply equally to the mixtures of 
bodies whose quantities are expressed by their volumes. Thus it has been already seen that the 
relative capacities of gases have been ascertained in this manner, by taking atmospheric air as the 
unity. 

We propose, therefore, to find the temperature x of a mixture of two volumes of hydrogen and 
oxygen under the following conditions : 

c-p-i"- •• •• {oJ^ :: :: :: :: :: ^Vzt^ 

Teinpemtn«» .. {^^ ;: " ;; " " ;; J, i J^^ 

/Hy<£ogen V = 1"« 



Volumes .. •• ^Oxygen V = 0««-800 



Formula [CT]: 

- V^g + V' <V _ (l»° X 10 ° X -9035) + ( 0°"^- 800 x 4 5° x 09765) _ „go.o 
*" cY-^-c'W. "" (0-9035x1) + (0-9765 x 0-800) -^'^' 

To Find the Proportions of a Mixture. — ^It is as frequently required, in practice, to ascertain in what 
proportion a mixture ought to be compounded so as to have a certain temperature, as it is to per- 
form the inverse operation : and, although the only thing necessary for that purpose is a suitable 
adaptation of formula [B] or [C], involving no difficulty, we will, nevertheless, give' a few more 
examples. 

First example. — Given a mass of lead weighing 75 kilogrammes, at 150 degrees, in what body 
of water at 12 degrees should it be plunged in order that the whole exceed not 20 degrees at the 
moment that the equilibrium of temperature is established between the liquid and the metal ? 

The unknown quantity, this time, is the weight W of the mass of water ; and, if we retain the 
same notation as in formula [B], x, the temperature of the mixture, will equal 20 degrees. Con- 
sequently, the f^damental formula [B] being (t — x) W c = (a; — Q W c', we easily extract from 

(x — f) W c' 
it the value W = —r — ^-r — , which becomes the general expression applicable to all problems 

(* — a?) c 

of the nature of the one above proposed, and of which w»will now give the solution. It must be 

observed, however, that in this particular case, where t' is greater than x, and x is greater than t, 

it would be as well to transpose the complex quantities between brackets in order not to have 

negative values, which should, nevertheless, not affect the result : on the other hand, as x is no 

loneer the unknown quantity, we shall replace it by the sign T, to indicate the given temperature 

of uie mixture. 

The foregoing expression, thus modified, then becomes 

(f-T)W'c' 

^ (T-t)o • ^^^ 

and if we introduce into this formula the several data of the problems, together with the calorific 
capaoity of lead = 0*0293 (second Table), we find that the body of water required is 

^ (150° - 20°) 75 X * 0293 „^ „^^ ^., 

^ = ^ (20°-12°)xl " ^'^^^ kilogrammes. 

The relative smallness of this weight of water is perfectly in accordance with the small calo- 
rific capaoity of lead, which is about the three-hundredths of that of water. 

Second example. — What weight W of cold water, at ^ = 12 degrees, must be added to W', 
= 100 kilogrammes of the same liquid, at £' = 80 degrees, so as to obtain a mixture T, = 20 
degrees? 

As here the capacity is the same for both masses, the formula [G] becomes 

_ (*'-T)W' , _ (80 - 20) X 100 „^^^., 

= (T - • "^^^^^ ^ = 20 - 12 ^ ^ kilogrammes. 

These examples will be sufficient to show the utility and the application of the coefficient of 
specific heat ; the^, moreover, lead up to the solution of those proolems involving quantities of 
latent heat^ touching which we are now going to speak. It must, however, be stated tliat the 
experiments that have enabled the determination of the calorific capacities of the different bodies 
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correspond only with a limited range of temperature, beyond which those capacities may be fonnd 
to vary slightly. But, in practice, this uncertainty has no material importance, especially aa 
bodies that are subjected to heat invariably lose, from 'accidental causes, quantities thereof consi- 
derably greater than could possibly arise from the incorrectness of the coefficients. 

Latent Heat. — At the moment any change takes place in a body, whether it be its transition 
from the solid to the liquid state, or from tnis last to that of gas, a very curious and remarkable 
calorific phenomenon is observed. It is found that its temperature remains the same so long as 
the change in its state is going on, and consequently, that the quantities of heat with which it is 
supplied in the meanwhile are not perceptible by the thermometer. 

This peculiarity is thus explained : while a body is changing its state, it absorbs a certain 
amount of heat which is exclusively employed in bringing about that change, but does not in any 
way tend to modify the temperature of the body. Hence the term latent given to that quantity of 
heat, which effectually is hidden^ since it cannot be detected by the instrument generally used to 
reveal its presence. Latent heat was discovered, compared, and measured by Dr. Black. 

In like manner, if either of the above-mentioned changes takes place inversely in a body — that 
is to say, if from the state of gas it passes to that of liquid, or from the state of liquid to that of 
solid — ^it will be observed to give out a certain quantity of heat without its temperature being in 
the least affected thereby while the operation is going on. This is nothing more than its abandon,- 
ment of that latent heat which was necessary to maintein it in its recent state. 

Fusion Heat. — The first example to be cited in demonstration of the existence of latent heat, is 
the transformation of water into ice, or, reciprocally, its return from the solid to the liquid state. 
Long before the experiments, which we will term qtiantitative^ were made, it was known that there 
existed solid water (ice) as well as liquid water at zero, although it was necessary to heat the ice 
to cause it to melt. That already sufficed to reveal the existence of a certain amount of (»lorio 
absorbed solely by this change of condition ; but its great importance had yet to be discovered. 
It was then shown, after very minute researches, that if 1 kilogramme of ice at zero be brought 
into contact with 1 kilogramme of water at 79°, there will remain, after the fusion is completed, 
2 kilogrammes of water at the temperature of fjeto. Consequently, the whole of the manifest heat 
contained in the 1 kilogramme of liquid water is absorbed m reducing the 1 kilogramme of ice to 
a similar state ; and, while the temperature of the latter remains unaltered, tlutt of the former 
falls from 79 degrees to zero. The result would be the same if, instead of 1 kilogramme at 79°, 
we took 79 kilogrammes at 1^. 

By referring to what has been said about calorific capacity, we perceive that the one kilo- 
gramme of water at 79° represented the same number of unita of heat as were actually employed 
in melting the one kilogramme of ice ; whence we conclude (see the experiments of MM. de la 
Provostaye and Desains) that 

One kilogramme of ice, at the temperature of zero, will absorb 79 units of heat, called latent, or, more 
strictly, 79*25 unite, in cnrder to pass into the liquid state: that 

One kilogramme of water, at no matter what temperature^ contains, abote zero, as many units of oaiorio 
as it does degrees of temperature, plus 79*25. 

This phenomenon of latent fusion heat is common to all bodies which possess each their 
peculiar quantity of caloric absorbed for each unit of weight. 

As, in steam-engines, water intervenes solely under its second change of state, we will not 
dwell any longer upon the first — ^though we deemed it indispensable that it should be known, — 
but will close this part of the subject by a few examples. 

First example of the latent fusion heat of ice. — ^We propose to find the quantity of water 
necessary to melt a certain weight of ice at the assumed temperature of zero, which shall also be 
the temperature of the mixture after tha fusion has taken place. Let the 

Weight of the ice be W = 25 kilogrammes. 

Weight of the water be W' = unknown. 

Temperature of the water be t = 15 degrees. 

Fusion heat be / =79*25 units. 

Solution. — On the one hand, it takes as many times 79*25 units as there are kilogrammes of 
ice ; and on the other, that number of units is equal to the product of the weight of the water 
required by its temperature, that is to say, W / = W' t. Therefore we have 

QK ^ 7d*25 
25 X 79*25 =: W X 15°; whence W' = ^^ = 132*08 kilos. 

Second example.— If W = 10 kilogrammes of ice at zero be thrown into W' = 100 kilogrammes 
of water at 18°, what will be the temperature x of the mixture after fusion ? 

Solution.— It will require 10 times / to melt the ice, which will have to be subtracted from 
the manifest quantities of heat contained in the water, or, 100 times 18 degrees ; and the required 
temperature x is the quotient of that difference divided by the sum of the weights W and W'. 
Thus, 



X 



_ (< W) - (tW) _ (18° X 100) -(10x79-25) _ ^^^ 

- W' + W -~ TdO + lO -9 16 degrees. 



We may here remark that it is easy to calculate the total amount of heat n that would be given 
out by this liquid mass in passing into the solid state at the temperature of zero. We should 
then have 

n = (W + W') /-H (W -h W) a?; or, (W + WO X (/ + «); 

whence n = (10 -J- 100) x (79*25 + 18°) = 10697*5 units. 

And, tice versa, this same quantity of heat wonld be capable of increasing by one degree the 
temperature of 10697*5 kilogrammes of water. 



S98 



BOILER. 



844. 



LaterU Heat of Steam, — Darioff the aeoond change of state to which bodies are liable, the effects 
are precisely identical with the flkl)ove. When a liquid is transformed into steam it absorbs a very- 
large amount of heat which is entirely undistinguishable by the thermometer, the steam having 
exactly the same temperature as the liquid whence it emanates. The difference that exists 
between the effects of fusion and evaporation is this, that, weight for weight, the quantities of 
latent heat absorbed are much more considerable in the latter case. But both possess this one 
peculiarity, that the absorption of latent heat takes place whatever may be the process of fusion 
or evaporation — whether slow or rapid. Thus, any vapour arising from simple ordinary evapo- 
ration in the open air possesses just the same quantity of latent heat as that arising from the 
ebullition of a body of liquid, subject to the same ambient pressure. • 

When steam is formed from a mass of liquid exposed to the action of a fire, it takes its latent 
heat from that liquid, which consequently ceases to increase in temperature. , But, if this steam 
emanate from a liquid apart from any active source of heat, its latent heat is taken, not only from 
the liquid, but also from the vessel containing it and from the surrounding objects. There may 
thence result a very sensible cooling of those objects and of the said liquid, if the evaporation can 
be continued without recuperation of heat. Notwithstanding our desire to avoid purely physical 
disquisitions, we cannot refrain from citing an experiment that brings clearly to light this 
phenomenon of the absorption of latent heat by evaporation, no matter what the accompanying 
cin^umstances may be or the temperature at which it takes 
place. 

A cup of water, at the ordinary temperature, is made 
to stand over a saucer or pan containing concentrated 
sulphuric acid, and, the whole being placed under the 
receiver of ah air-pump, as seen Fig. 844, We begin to 
exhaust the air. By degrees, as the vacuum is established 
and the pressure under the receiver diminishes, the watei^ 
begins to boil, and evaporates the more rapidly as the 
action of the machine is accelerated. But the vapour 
thus formed, and which would soon arrest all further 
evaporation if allowed to remain under the receiver, is 
partly token, up by the machine while the remainder is 
absorbed by the sulphuric acid ; consequently, the vacuum 
is maintained under the receiver and the evaporation 
continues. But, in a few moments, the water that remains 
in the cup will be completely congealed, forming one solid 
lump of ice. 

This curious phenomenon is solely explained by the definition we have just expounded of 
latent heat. The steam, in forming, has borrowed so much caloric from the water as to lower the 
temperature of the latter to freezing point. It now remains for us to give the value of this latent 
heat of steam, whose outward effects are made visible by means of very simple experiments. 

Amongst other experimentalists of merii, the. learned M. Regnault made verv minute re- 
searches touching the latent heat of steam, the general result of which will be founa embodied in 
the following Table : — 

Table of the Quantities of Latent Heat fob Steam forhed between QP and 230°. 




Temperainreo. 


Latent Heata. 


' 1 
Temperatnrai. Latent Heats. ' 


Temperatures. 


Latent Heats. 


Temperatures. 


Latent Heato. 





607 


60 


565 ' 


120 


522 


180 


479 


10 


600 


70 


558 


130 


515 


190 


472 


20 


593 


80 


551 


140 


508 


200 


464 


• 30 


586 


90 


544 


150 


501 


210 


457 


40 


579 


100 


537 


160 


494 


220 


449 


50 


572 


110 


529 


170 


486 ' 


230 


442 



The values that appear under the head of latent heats indicate the number of units of caloric 
absorbed by each kilogramme of steam, at the corresponding temperature, at the moment of its 
formation. Consequently, those same quantities of caloric would be given out by the steam on 
its return to the liquid state. 

For a long time it had been admitted that the amount of latent heat was always the same, no 
matter at what temperature steam was generated; but the result of M. Regnault's researches 
shows that notion to be incorrect, and that the quantity of caloric that is absorbed by evaporation 
diminishes according to a certain progression which is in inverse ratio to the temperatures. 

To select the most ordinary examples, let it be observed that whereas water at 100 degrees 
takes up 537 units of latent heat, that at 150 degrees only absorbs 501 units. 

Application of the Latent Heat of Steam. — The general study of heat, in its reference to the 
formation of steam for mechanical purposes, is of twofold importance ; firstly, as regards the 
quantities of fuel to be expended ; secondly, as regards the condensation of that same steam after 
it has done its work. We will give examples of both cases. 

First example. — What will be the total number n of units of caloric required by a weight 
W =r 25 kilogranunes of water, whose temperature £ = 10 degrees, in order to convert it into 
steam under the pressure of 1 atmosphere? 

Solution. — The temperature T, apparent by the thermometer, of steam generated under a 
pressure of 1 atmosphere, being 100 degrees, the number of units of caloric absorbed by each 
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kHogramme of "water will be T — ^, plos the latent heat / that corresponds to the temperature i^ 
according to the preceding Table. We therefore have for the total number of units 

a general expression which gives for the proposed example 

« = (100° - 10^ + 537) X 25 = 15675 units. 

Second example. Mixture of steam and water. — A certain quantity of steam being brought 
into contact with a given weight of cold water at a fixed temperature, and sufficient to complete 
its condensation, find the temperature of the mixture. 

Let us take the same quantity of steam as in the foregoing example, added to W = 200 kilo- 
grammes of water, at a temperature ^ = 15 degrees ; the steam being represented by W = 25 
kilogrammes ; T = 100 degrees ; we want the temperature x of the mixture. 

Solution.— The total mass, or the weight of the steam added to that of the water, will neces- 
sarily contain the sum of the quantities of heat possessed bv each ; if, then, we divide that sum 
by the entire mass, we shall have the temperature x demanaed. Consequently 

(T + OW+(<W'). 

*- w + w • •■ J 

which is a genenl expression, from which we obtain, as answer to our problem, 

_ (100° + 537) X 25^ + (15° X 200^) _ 

* 25Mr2oo^^ ^ " ^®^®^* 

This result already shows that it is necessary, relatively, to use very considerable volumes of 
water to cause a body of steam to return to the liquid state, and in order that ^ after the conden- 
sation the temperature of the water may not be too elevated. 

Third example. — Let us reverse the proposition, that is to say, find what quantity of water 
must be added to a given weight of steam that the resulting mixture may not exceed a certain 
temperature. 

Let W = 15 kilogrammes, the weight of the steam ; 
T = 150 degrees, its temperature ; 
/ = 501, its latent heat (according to preceding Table) ; 
W = the weight of water required ; 
< = 10 degrees, its temperature ; 
t' = 25 degrees, the temperature of the mixture. 

Solution. — By simply bearing in mind that t* takes the place of or, it is precisely the above 
formula [I], in which W' becomes the unknown quantity. Thus, «' W + «' W = (T + W+ i W ; 
whence (T + Z-QW . 

^ = — Y^~i — • ^^ 

This last expression is the one that we shall meet with every time that it is required to ascer- 
tain the condensation of a steam-engine ; we therefore invite our readers to give it due consideration* 
As regards our present problem, it gives 

„, (100 + 501 - 25) X 15 ^„^^. 

W = ^^ ^50^:rioo^ = 576 kilogrammes. 

That is to say, putting it in general terms, that in order that the condensation-water shall not 
exceed 25 degrees of temperature, it wiU take 576 kilogrammes of cold water at 10 degrees to 
destroy 25 kilogrammes of steam at 150 degrees. All things being equal, it is, moreover, evident 
that it will take so much more water to condense steam that the temperature of the water is 
higher and that of the mixture is required to be lower. It is beyond all doubt that, under certain 
.circumstances, it is impossible to achieve the direct condensation of steam in engines and con- 
densing machines for want of a sufficiently large volume of cold water. We shall see by-and-by 
that, in marine engines, the condensation is often imperfect or entirely suspended, not for want of 
water, since, in those cases, it is drawn from the sea, but because of the warmth of the water, 
especially under the tropics. 

Here ends, for the present, what we had to say concerning latent heat ; its direct application 
to engines will render sufficiently intelligible all that it is necessary to know upon the subject. 

SouBCES OF Heat. Qttaiditiez of Heat supplied by Fuel. — After the study of the quantities of 
heat required to raise the temperature of bodies and produce a change in their state, we come 
naturally to that of the sources of heat as regards the quantities that thev are able to furnish. This 
forms the entire question of the economy of caloric in its production and its use. 

Science teaches us that the combustion of a body is the chemical combination of that body with 
oxygen, a phenomenon which is accompanied by a great development of light and heat. If consi- 
dered from this point of View, all bodies would be combustibles, since all possess, more or less, the 
property of combining with oxygen ; but all do not offer, at the moment of entering into com- 
oination, such properties as qualify them for fuel, that is to say, a total disengagement of heat 
greater than that x^uired to produce combustion, that combustion going on even independently 
of the focus where it takes place ; and a cost price of the material itself sufficiently low. But, 
quitting generalities and basing our arguments upon a few examples, we will observe that wood, 
coal, hydrogen, and certain other substances bum almost spontaneously, or at least complete entirely 
their combustion from the moment that one single point of their mass has attained the necessary 
degree of temperature. Other bodies, such as metals, that combine freely with oxygen, cease 
burning as soon as they are withdrawn from the focus where the combination is effedted ; focui 
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which we are obliged, in oonsequence, to feed with some other body more readily combiutible. 
Combustible bodiea, that is to say, such as are used in manufacture, are not very numerous, and 
comprise : — 

1. Woods, and vegetable matter generally; 

2. Goals, both vegetable and mineral ; 
8. Peat. 

These are the substances into whose composition there enters the greatest amount of carbon 
and hydrogen, the only two simple bodies whicn possess, independently, all the requisite properties 
for the phenomenon of combustion in its application to manufacture, and the Quality, therefore, of 
being excellent combustibles. Animal substances, such as flesh, grease, and bone, are likewise 
highly combustible ; but, on account of the cofnplexity of their composition, the absorption of heat 
indispensable to the separation of their various elements at the moment of combustion is very con- 
siderable, so that a given weight of animal matter does not furnish so large an amount of useful 
heat as combustibles of a simpler nature. Besides this, there are sufficient uses for animal sub- 
stances without employing them as fuel, though it has sometimes been done. 

Our examination of combustibles can only be very brief, our object being merely to make known 
what quantities of heat each is able to furnish for every unity of weight. 

The estimation of these quantities of heat is entirely based upon the calorific unity already 
defined. Thus let us suppose a kilogramme of any combustible body to be taken, and that 
it be found that the heat it has given out during its total combustion has raised the temperature 
of 2000 kilogrammes of water 1 degree ; if the experiment be made with sufficient precision to 
satisfy us that all the heat thus produced has been absorbed by the water, we then say that the 
burning of 1 kilogramme of that combustible has supplied 2000 units of heat, for we are aware that 
that is the standard whereby we should measure the quantity of heat necessary to cause a variation 
of 1 degree in the .temperature of 2000 kilogrammes of water. The amount of heat given out, so 
measured, takes the name of calorific power of the combustible whence it emanates ; and very 
accurate experiments have been made in order to ascertain thus the calorific power of eveiy sub- 
stance. Those experiments have shown that not only does the said power difier with different 
bodies, but it also varies considerably in bodies whose composition is susceptible of change. Thus 
the combustibles used for industrial purposes, being substances of a complex nature, are all pos- 
sessed of that peculiarity— a variable calorific power. For instance, woods, being of a kind, are 
essentially different in their composition, setting aside their greater or less degree of desiccation. 
The several sorts of coal, though variations in their composition are not so great, still show a differ- 
ence. Even charcoal, one of the purest of all combustible substances, evinces likewise varieties, 
owing to its more or less perfect preparation. 

Such differences should be consiaered, however, as of a scientific nature, not industrially : that 
is to say, every combustible possesses a mean calorific power which is all-sufficient for the purpose 
we propose. The following Table is a summary of the principal substances and their mean power, 
to which we have added the calorific powers of hydlrogen and of bicarbonate of hydrogen or 
common gas, though these two last are not yet considered as combustibles in an industrial sense. 

Table of the Galobifio Powers of Combustibles used fob Industrial Pubposeb. 



Namei of Oombastiblei. 



Pure hydrogen (the kilo.) .. .. .. 

„ (the cub. m^t.) . . . . 

Bioarburetted hydrogen (the kilo.) 
„ „ (the cub. m^t.) 

Pure carbon 

Charcoal (mean) 

Wood (very dry) 

„ (ordinary condition) (mean) 

Coal (mean) 

Coke (to 15 of cinders) 

Common peat (mean) 

Purified colza oil 

Alcohol, at '42^ Beaume 



Calorific Power 

exprened in 

units of Heat 

given ont by the 

combustion of 

1 Idlognunzne of 

each Substance. 



34162 
3067 
11857 
15117 
8080 
7000 
3700 
2800 
7000 
6000 
3600 
9307 
6855 



Anthoritiea 



Favre and Silbermann. 



n 
>» 
»> 

P^let. 
Bumfort. 

»» 
Dulong. 

Peclet. 

Bumfort. 
Dulong. 






The values indicated in this Table represent the maximum of heat for each corresponding com- 
bustible; we shall, therefore, term them the theoretical calorific potoera, of which a certain amount only 
can be utilized in practice. See Fuel. It must not, however, be taken for granted that these 
values are entirely exempt from slight errors ; the diversity of the results obtained by equallv skilful 
experimentalists proves the contrary; and, besides, it is not probable that, in so complicated a 
phenomenon as that of the combustion of a body, the figures obtained can be always the same and 
mvariable. But these differences become more manifest when the combustibles are employed for 
industrial purposes, and seem to banish all hope of our being able to rely on such calorific 
powers as mathematically correct, since, in those cases, they are neither prepared nor selected with 
the same care as when used for experiment only. These values, notwithstanding, such as they 
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fire, may be of undeniable aervice, and this we shall see later. Besides, their degree of approxi- 
mation is generally more than safficient for all practical purposes. Fresh experiments, however, 
would perhaps be necessary and desirabl6, on account of certain new generators wherein the 
utilization of fuel appears to be increased in an extraordinary manner, as we shall have occasion 
to show hereafter. 

The figure representing the calorific power of a combustible plays the same part in steam 
generators as does the measure of the expenditure of water in hydraulic motors ; in both cases it 
IS evidently the point upon which the result is based ; therefore is it very important that there 
should exist no uncertainty regarding it. 

Applioation of Calorific Power, — Before occupying ourselves with the sources of heat, we first 
examined the interchanges thereof that take place between different bodies, and then the amount 
of caloric requisite to increase the temperature of bodies a given quantity or cause their change of 
state. Having proceeded thus far, we are now prepared to calculate tne amotmt of combustible 
necessary to be expended for the accomplishment of these operations. 

We must, however, make one important remark, namely, that what we seek in the following 
examples is the useful quantities of heat, that is to say, those that are absolutely necessary, 
regardless of what is lost, and of the excellence of the focus or the disposition of the apparatus. 

Researches respecting the Expenditure of Fuel required to produce a given Increase of Temperature. — 
First example. — What would be the useful quantity of charcoal necessary to increase the tempe- 
rature of 100 kilogrammes of water 10 degrees ? 

Solution. — Since the preceding notions indicate in what manner we are to ascertain the quantity 
ft of units of heat to be supplied, we very easily fijid that the weight to of the charcoal, whose 

oaloriflo power we will call u, is to = — . Granting, according to the preceding Table, that 

u 

u = 7000, the number corresponding to common charcoal, we then have 

10 X 100 ^. _ .- 

7000 

And that if^ effectually, all the weight of coal that ought to be expended if the whole heat 

produced by the combustible could be absorbed by the water. But even supposing that the 

vessel that contains the liquid, and the focus, being previously heated, absorb none of the caloric, 

there would still remain other losses which would increase in a notable manner the above 

theoretical quantity. For instence, let us imagine the arrangemente to be such that 0*6 of the 

0'142 
heat are utilized, we should then bum, in reality, = 0^*237 of charcoal. 

Second example. — ^What weight of coal must be burnt in order to liquefy 50 kilogrammes of 
ice at zero, and raise it to a temperature of 100 degrees ? 

Solution. — ^The number of units of heat n to be supplied being (< + /) W, we have 

(100 -I- 79) X 50 ,.,--. , 

^ = 7600^ = ^ ^^^ ^^ "^^ 

Evaporating Power of a given Weight of Combustible. — ^What weight of steam at a temperature of 
100 degrees would be produced by the useful expenditure of 1 kilogramme of coal, supposing the 
temperature of the water, before heating, to be 15 degrees ? 

This is the most important problem of the application of caloric to steam-engines ; it is the 
pivot, as we shall presently see, around which all the improvements therein that have hitherto 
been conceived, and are still likely to be, revolve. 

Solution. — It has already been seen [H] that the number of unite of heat necessary to a certain 
weight of water, in order to convert it into steam, is expressed by n = (T ~ ^ + ^ : ^°^ ^* 
that number of unite must be equal to the number given out by the weight to of the proposed fuel, 
whose calorific power is ti, we have to ti = (T — ^ + V * bence the required weight of steam 

^^ ^ ^ = T ^t + I = lOO-'lS^TsS? ^ ^^^'^^ ' ^^^""^ w^oi^te *o tlii8, that 

1 kilogramme of coal can, THEOidsncALLT, evaporate about 12 kilogrammes of Moater^ vhose tempe^ 
rature^ before the application of heaty was 15 degrees. 

If we had supposed the steam to be of a higher temperature, the quantity of fuel would likewise 
have been slightly increased, but only slightly, because the latent heat, which is more considerable, 
varies but little, and inversely. We will give no further example, as this last will suffice as the 
basis for all future discussions upon the subject. It is essential, however, that we should make 
one remark with regard to the above result as compared with those obteined in practice. 

Generally speaking, a good generator will evaporate 7 kilogrammes of water ; very often it is 
less ; but sometimes it is more, and even, in certein cases, it has almost touched the theoretical 
figure of 12 kilogrammes, which it seems ver^ difficult to attein, if ever. By the aid of special 
arrangements, however, and such artifices, for instence, as activating the combustion by means of 
an additional current of air, and so completing the conversion of the coal into carbonic acid and 
preventing any particle of matter escaping without being consumed and giving up ite contribution 
of heat, it may be done. This is what is called consuming the smoke, which is nothing else, for the 
most part, but unconsumed, and consequently non-utilized coal. It may be well to remind our 
readers that the number 7600, which inaicates in the preceding Table the number of unite of heat 
for every kilogramme of coal, is a mean, and may, consequently, be sometimes exceeded. To 
esteblish absolute limits, we will suppose that pure carbon is used, furnishing 8000 unite of heat, 
and we then find that 1 kilogramme of that superior fuel, compared with coal, yet only supplies 

12-21 X8000 ,^. o. ,^ 
^g^^— = 12^-84 of steam. 

2d 
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We have gi^en no exiffiiples of the use of the other oombastiblefl, ainoe in all onaoa the 
operation wotud be evidently identical ; it is simply necessary to alter the value of «, that is, of 
the coefficient of calorific power. The oxily point that it might be interesting to examine is the cost 
of the unit of heat with each different combustible, and this has been done with much care by P^et 
in his excellent * Treatjae on Heat.' But it is to be remarked that the use of such or such a com- 
bustible depends much less upon its'venal value than upon the greater or less ffViility with which it 
can be procured in each localit/. Thus, some countries possessing coal and comparativelv little 
wood, like England, France, and Belgium, usually adopt the first as fuel, it being also the one 
that gives out the most heat as it occupies the least space, and is capable of producing a more 
inteuM increase of temperature at the focus. On the other hand, there are services, such as the 
navy, which will always choose the richest combustible because of the economy of space. But it 
also sometimes happens that a manufacturing establishment possesses some fuel emanating from 
its own works, ana therefore at its disposal almost free of cost, on which account it uses it without 
having to inquire whether it is more or less rich than this or that other. Thus it is that we see saw- 
mills feeding their furnaces with sawdust and shavings, tan-vards using their tan, and the sugar- 
refiners of the colonies the peelings of the dried canes. So tnat the cost of the unit of heat could 
only have a real interest in sudu an event as all the combustibles being equally accessible, a 
circumstance which, we may safely say, never takes place. 

Mechanioal Pbofebties of Stbam. CanditioiM relating to the How and Expenditure of Steam, — 
All that has hitherto been seen regarding steam may be considered as constitiiting its physical 
properties, that is to say, those natural phenomena, occasioned by the intervention of heat, which 
convert a body into a gaseous fluid that may be considered as such, and possessing all the 
characteristics of permanent gases. Like unto the latter, and fluids in general, steam is susceptible 
of motions and effects that no longer arise from the mutual actions of the ponderable or imponder- 
able elements of whi6h it is form^, but from the mechanical efforts to wl4ch it may be subjected or 
which it is capable itself of producing. 

If we adopt water as our standard of comparison, we observe that this liquid, independently of 
its physical properties, such as density, calorific capacity, and so forth, possesses also the mechanical 
properties due to the action of gravity, which enable it to be considered under the aspect of its 
motions, the velocity it can acquire, and the efforts it is able to trannnlt by yielding to the influence 
of gravitation and of its own substonce. The same thing precisely happens with steam, and gases 
in general, which can move, acquire velocity, and, finally, exert mechanical efforts by virtue of 
their expansive force, which here takes the place of simple gravity in a liquid. 

We propose, therefore, to examine steun under these several phases, giving to our investi- 
gations the title of pneumodifnamics. 

liow of Steam through a Narrow-edged Orifice. — ^When two vessels, containing gases of unequal 
pressures, are made to communicate, a fiow of gas immediately takes place from the vessel where 
the pressure is the greatest to that where it is the least ; precisely as it would occur if, instead of 
gases, the two vessels held liquids of different densities or uneven levels, or if one of them were 
entirely empty. 

Gases, like liquids, tend towards establishing their equilibrium, then, and in so doing, both 
follow the same law. 

It is shown that the flowing of a fluid through an orifice bored in the side of the vase contain- 
ing it, and below the free surface, depends, as regards velocitv and product, upon two principal 
conditions— the section of the orifice and the vertical distance oetween its centre and the surface 

of the liquid; and that the velocity is expressed by the invariable formula v s ^ 2gh (see 
Htdbaulics), where g equals 9*8088, and represents the velocity acquired in one second of time 
by a body fsdling in vacuum. 

It is also shown that the volume of water flowing, in a given time, is the product of that 
velocity by the section of the oriflce, and by a certain coefficient of contraction. 

It is exactly the same with gases, pnly that the height h of the liquid is replaced by the 
expansive force of the gas. Consequently, setting aside for the present the other conditions of 
the problem, let us see what the value of h would oe in the case of a gas. For this purpose we 
will suppose that the flow takes place through a narrow-edged orifice which, 
by its contraction, diminishes the expenditure, but without altering the g^^ 

velocity. 

Velocity with which a Gas flows from a Narrow-edged Orifice, — Theory and 
experiment both prove that the velocity of an elastzo fiuid^ flawing in a certain 
misdium and through a narrow-edged orifice^ is the same as that which, under similar 
conditions^ would be possessed by a non-elabtio fiuid of equal density unth the gaSy 
but which, by its height of column above the centre of the orifice, would be capable of 
exerting a relatively equal pressure. 

To render this theorem fully intelligible, let us suppose two vases, A and B, 
Fig. 845, both standing in the same medium, the atmosphere for instance, the 
one being filled with a liquid and the other with a gas, imder the following 
conditions : — Ist, the gas in the vase A to have a certain pressure ; 2nd, the 
liquid in the vase "B tobeofthe^ same density as the gas, unconfined, and having 
a height of column h sufficient to press the bottom of the vessel B with an 
intensity equal to the pressure exerted by the gas against the inner sides of 
the vessel A. 

These conditions being satisfied, if a small orifice a be opened at some point of the vase A, and 
another 6 at the lowerpart of the vase B, the gas and the liquid will both begin to flow, and with 
the same velocity. This law enables us to work out a flrst problem which will assist us in 
establishing the general formula applicable to our present requirements. 
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Let it be propoeed to ascertain with what yelocity a second atmospheric air, at a temperature 
of degrees, would re-enter a perfect yacuiun ; we have 



Pressure of air (in cent, of mercury) P = 

Density „ d = 

„ of mercury d' = 

Pressure of medium where the flow takes place . . .. p = 

Velocity of flow in a second of time 



0-76 
0- 001299 
13-598 
00 



V = 



It will be seen, in accordance with the preceding theorem, that there only remains to ascertain 
h to complete the solution of the problem. Moreover, we know that that height must be equivalent 
to a column of liquid of the same density as air, and exerting the same pressure at its base, 
that pressure being equal to the diflisrence of pressures between the gas and the medium Where 
the flow takes place, or P — p. But here p being a vacuum, and consequently equivalent to zero, 
the pressure P — p is exactly equal to P, and corresponds with a column of mercury of O"* *76 ; the 
heignt of the column of non-elastic fluid that would balance it is, therefore, in the inverse ratio of 
th« densities of the fluid and the mercury ; that is to say, 

A = p_ ^0-76X5:^^5^ = 7953-7mfetr«. 

It would therefore take a column of fluid 7955*7 mMres in height, and of the same density as 
the air, to ba lance a column of 0*" * 76 of mercury. Consequently, the velocity due to such a height 

will be t> = V'l9'62 x 7955*7 = 395 metres, the answer sought, or the velocity with which atmo- 
spheric air, at a temperature of degrees, would re-enter an exhausted vessel. 

In cases where there is no occasion to keep account of the changes in volume and density caused 
by temperature, this problem offers no difficulty ; and it is in this sense that we shall find the 
means of applying it to steam, of which the Tables at page 416 ^ve the pressure and density in 
relation with the temperature, which, consequently, may be omitted from the foregoing calcu- 
lation. 

The general formula for finding the velocity of a gas or steam is therefore the following :. 
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2g(P^p) 
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wherein v represents the required velocity in a second of time ; 

the intensity of gravitation, equal to 9 - 8088 ; 

the absolute pressure of the gas or steam, in metres of mercury ; 

the pressure of the medium where the flow takes place, exprei^ed in the same 

units, 
the density of mercury compared with that of water and equal to 13*598; 
the density of the flowing gas, also compared with that of water. 
By introducing the flxed quantities into the preceding general formula, we first of all get the 

following expression : 

^2ir9^^88 X (P- p) X 13*598 . 

which maybe simplified by obtaining the product of these same quantities, till it finally becomes 

d 

K the pressure P — p were expressed in atmospheres and fractions of atmospheres, it would be 
necessary, in order to get the real initial height in metres of mercury, to multiply it by the height 
of mercuiy that balances one atmosphere. 

Thns modified, the formula would be 

^ _ ^ 2ir98088 X 0*76(P - p) 13*598 . 

d 
by simplifying as before, we get 



t, = i/ 202 7376 (P"^:^^) . 

d 

The resultant pressure P— p, constituting the initial height of 
the effective velocity of the fiow, may be derived from direct observa- 
tion, according to .the disposition of the instrument used in ascer- 
taining it. That instrument would be the Air Manometre, or difie- 
rentiaf indicator of pressure, which may be used to measure the 
elastic force of a gas or steam in relation to a certain ambient 
medium. 

Let us suppose a vessel A, Fig. 846, to enclose some aeriform 
fluid, at a higher pressure than that of the medium in which it is 
placed. If we attach to it a tube B containing mercury, bent in the 
shape of the letter U, with its shorter branch communicating with 
the interior of the vessel, while its longer one is left open at the top, 
the internal pressure, acting upon the mercury, will cause it to rise 
in the open branch. To find the conditions of eouilibrium of the mercury, when it is thus 
dispUcea, it will be sufficient to dnw a horizontBi line S L through the summit of the lower 
column, and then examine the nature of the pressure to which the mcftoury is subjected at every 

2 D 2 
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point of that line. In the longer branch it is equal to the pressure of the ambient medium, 
plus the height h to which the mercury has been raised in the tube ; and as it must be the same 
m the shorter branch, and is due entirely to the pressure in the reservoir A, we conclude that that 
pressure is equal to the external pressure, plus the height h of the mercury. Consequently, that 
height is precisely equal to the difference of the two pressures, and is none other than P — Pj 
which figures in the preceding calculation. 

For the future, therefore, every initial pressure of the velocity of a flow will be represented in 
our operations by a column h of mercury, observed in strict accordance with the foregoing method. 
It is that pressure which, estimated in metres, must be multiplied bv the ratio of the density of 
the mercury to that of the fluid imder consideration, in order to obtain the real height which 
becomes the initial of the velocity with which the fluid flows. 

Problems relating to the Flow of Steam through Narrouhedged Orifices. — Let us propose to flnd the 
velocity with which steam would flow in a medium of determinate pressure. 

^ First example. — Find the velocity with which steam would flow through a narrow-edged 
oriflce into the open air under a pressure of 3 atmospheres. 

Solution.— Steam, under ar pressure of 3 atmospheres, is represented by a column of mercury 
of P = 0-76 X 3 = 2™-28; and the Table at page 405 indicates that its densitv is d = 0001615. 
On the other hand, if the pressure of the ambient medium is 0*76, the requirea velocity will be 

001615 

Second example. — Find the velocity with which steam flows at a pressure of 5 atmospheres, 
difference of pressure between the reservoir and the medium in which the flow takes place being 
measured by a column of mercury = 0" • 45. " 

Solution.— We have P - /? = 0*45; and <f = 0*0025763, according to the same Table; 
whence 

, = S/'^^^ = 216 mitres. 
0* 0025763 

Third example. — Find the velocity of steam under a pressure of 3*75 atmospheres, the pres- 
sure of the medium in which it flows being 1 '80 atmosphere. 

Solution. — By the same Table to which we have referred in the two preceding examples, we 
flnd that the density of steam at 3*5 and 4 atmosph^^ is 0* 0018589 and 0* 0020997 respectively ; 
therefore, the density of steam at 3*75 must apparently be a mean between these two numbers ; 
that is, 

,f = 00018589 + 00020997 ^ ^.^^^^ 

The pressure expressed in atmospheres, will this time be 

P-p = 3*75 -1-80 = 1*95. 

Consequently, by a suitable adaptation of the foregoing formula, we have 

„ ^202-7376 X 1*95 . ._ _. . 
" = ^ —0^19793— = ^^ "^^*'^- 

The above examples being sufficient to illustrate the application of the rule, we will not add 
any more ; but merely make a few remarks called forth by the rule itself. 

The arrangement of the formula shows the general mode in which gases flow, and further 
points out that, 

Ist. The velocities are proportional to the square roots of the effective pressures ; that is to say, to 
the excess of pressure that causes the flow ; 

2nd. They are inversely as the square roots of the densities. 

From which we conclude, in addition, that when a gas is compressed whose density is propor- 
tional to the pressure it bears, with an even temperature, the velocities are always equal, whatever 
may be the degree of compression. 

With regard to steam having a maximum of elasticity whose density is not proportional to the 
expansion, there exists, however, a limit where the velocity of the flow ceases to increase with the 
pressure. 

For instance, let us suppose two currents of steam flowing into the atmosphere, the one with an 
expansive force of 5 atmospheres, the other of 10, and whose densities, according to the Table, 
page 405, are 0*0025763, and 0*0048226 respectively, and endeavour to flnd their corresponding 
velocities. We have, 

For 5 atmospheres, r = V^ 202;J7y_(^-J) ^ 5^ 



For 10 atmospheres, r = V^ 202:^376^^^^0^^) ^ ^^g ^^^^^ 

That is, a difference of only 53 metres in velocity for a difference of expansion of 5 atmospheres. 

Tables and Graphic Tracing in Reference to the Flow of Steam. — The solution of such problems as 
those we have just been examining always requires a special aptitude, and too much time for 
ordinary practitioners, as a rule, to turn them to their fullest account ; moreover, there are inte- 
rests of another order involved, and not less important, that render it imperative not to trust to the 
uncertain results of direct calculation : a manufacturer, on the contrary, needs reliable informa- 
tion, such as can alone emanate from the labours of tiie man of science, in the quiet seclusion of 
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his own study, and away from every other preoocnpation. That is why tables are of such unde- 
niable utility, by enabling the solution of a proposed question promptly and with oeHitude; for the 
figures we borrow from them form part of a series in regular progression, whose terms verify one 
another, so to speak, by their simple connection. Therefore we have always endeavoured, as much 
as possible, to make them accompany the practical rules, in order to simplify (xdculations and 
ensure correct results. 

It is with this view that we produce the two following Tables of the velocity of steam imder 
the circumstances most generally met with in practice. These two Tables, which may be rc»dily 
made by means of the foregoing rules, are taken from that excellent work, 'The Locomotive 
driver's Guide,' by MM. Flachat and Petiet. The first relates to the flowing of steam in the 
open air, under pressures varying from 5 to 1' 01 atmospheres; together with its density, or weight 
of a cubic metre for each pressure. The second Table gives the velocity of steam under pressmres 
of 5, 4, and 3 atmospheres, in media whose pressures vary from 4*95 to 1'25 atmospheres, while 
one column is reserved for the efiective pressure exerted by the steam upon every square m^tre of 
surface. This pressure is evidently the same in the three cases where the resisting pressure is 
the same, since the differences also are identical. Consequently, these two Tables complete the 
series. Afterwards we shall give a graphic tracing, whereby the same problems may likewise be 
solved. In all cases the flow is supposed to take place from a narrow-edged orifice ; for, were its 
thickness considerable, and comparable to the development of a tube, the velocity would be 
altered. We shall have occasion to allude to this' view of the subject presently. 
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Graphic Tracing, — The method of tracing which we are now going to explain, and whereby the 
velocities of gases through narrow-edged orifices may be ascertained, is due to Bobert Bishop 
Hennessey, and is analogous to that given in their * Treatise on Hvdraulio Motors,' for the purpose 
of estimating the expen£ture of wat^ through orifices with a load upon the centre. 
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This Goe, Fig. 847, is so arranged as to gire the maximum Telocity of gases having densities; 
compared with that of water, which vary from 0*0005 to 0*005, and relative pressures from to 
5 atmospheres. A series of right lines, starting from the point D, conespondB, for the curve A E, 
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to pressures varying from 1 to 5 atmospheres, and, for the curve AF, from 0*1 to 1 atmosphere. 
Another series of vertical lines, including A B, represents the densities from 0*0005 to 0*005. The 
upper scale B G expresses the velocities in large divisions of 100 m<^tres. 

Use of the Tracing. — Find the intersection of the vertical, indicating the density, with the 
oblique, corresponding to the relative pressure P - p, and, from the point of intersection, follow 
the horizontal line till it meets the curve ; from this second point draw a vertical line which project 
till it reaches the scale BG, and you have the velocity required. For instance, we want the 
velocity of a gas whose density is 0*0009, and whose relative pressure is 4 atmospheres. We look 
for the intersection a of the vertical line 0*0009 with the oblique line 4D, and from that inter- 
section we follow the horizontal line till it meets the curve A E at 6 ; then, by raising a vertical 
line from this last point to the scale B G, we then obtain an approximate reading of 940 metres, 
which is the velocity sought. By strict calculation it would be 943 m<^tres. 

To give an example of the use of the second curve, let us try to find the velocity of a gas whose 
density is 0*002, with a relative pressure of 0*7 atmosphere. The process is exactly the same. 
The intersection c, of the oblique 0*7 D, with the vertical corresponding to the number 0*002, 
gives the horizontal dotted line cdy which cuts the curve A F at d; by producing a vertical from 
this point on to the scale above, as before, we find about 265 metres as the required velocity. 
Mathematically it would be 266 metres. 

These slight differences' between the quantities found by calculation and those obtained by 
means of the diagram do not arise from any want of accuracy of principle in the latter, but solely 
from difficulties of execution, it being impossible to complete the subdivision of the scales ; but by 
enlarging the tracing, this oostacle may oe lessened or removed, and the result becomes propor- 
tionately more correct. 

It would be precisel V the same thing fbr any value not indicated in this diagram ; all that is 
required is to suppose the line A B, as base, divided into quantities proportional to everv inter- 
mediate pressure oetween and 5 atmospheres, with oblique lines running from the several points 
to the point D. As regards the series of verticals of density, the same principle may be carried 
out, by imagining intervening lines at distances inverse to their values, for such densities as are 
not comprised in the diagram. 

Velocity of Gas flowin<j through a Pipe. — Hitherto we have only considered the velocity of gas 
flowing through a narrow-edged orifice, where the friction is, consequently, insufficient to produce 
any noticeable effect ; but when a gas passes through a pipe of a certain length, the case is very 
different. Then its velocity, as it leaves the pipe, is less than tliat which would be due to the 
initial pressure in the reservoir, or to its excess of pressure P — p over that of the medium into 
which it flows. There must have been, therefore, a loss of force occasioned by the resistance of 
the pipe to the motion of the gas. The learned D'Aubuisson found that resistuice subject to the 
following laws : — 

1st. The resistance is proportional to the length of pipe; 
2nd. It increases with the square of the velocity ; 
8rd. It is in the inverse ratio of the diameter. 
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Let HA, oonaeqnently, call 

P, the pressure within the reservoir, or its excess h over that of the medium where the 

flow takes place, expressed in metres of mercur;^ ; 
Pf the initial height of the effective velocity with which the gas escapes at the end of the 

pipe ; that height likewise expressed in metres of mercury ; 
V, the effective velocity ; 
L, the length of the ^ipe in metres ; 
D, its diameter, also m metres ; 
D', its diameter at the extremity, or that of the aperture whence the flow takes place, the 

pipe being supposed to terminate with a conical converging ajutage ; 
kf an experimental coefficient. 

We then have, according to D'Aubuisson, the following relations : 

The mean velocity u of the flow throughout the whole length of the pipe will be evidently 
equal to its effective velocity v on leaving the ajutage, multiplied by ther inverse ratio of the 

squares of the diameters D and D', that is to say, u = x -r^ ; and 11* = c> x -jr^- • 

But the velocity v is represented by v = v 2gp, whence v* = 2gp, and p= a—t P being, as 

we have said, the initial height A of the velocity with which the gas escapes from the pipe. On 
the other hand, considering thai the force absorbed by the resistance of the pipe has resulted in 
the reduction of the pressure from P to little />, that force will be expressed by P ~ i> ; so that, 

Lti' 
frun what precedes, we get the following equation : P — p = A -=r . But the foregoing relations 

give p = -^ , and «' = ■ ; substituting, therefore, these values for p and u*, we obtain 

— A — =rj — , whence, extracting at once the value of o, we get 



■■-». 



= Vi 



2^PD» 
2yLD'* + D» 



[K] 



This value, therefore, is that of the real velocity with which the gas escapes (setting aside its 
density for the moment), after traversing the whole length of the pipe, and issuing from a con- 
tracted oriflce of the diuneter D'. 

If the contracted oriflce of the ajutage were equal in diameter to the pipe, we should have 
D* = D, and the formula would be modified as follows : 



w 



2jyPD 
k2gJj + l>' 



M 



As to the value of the coefficient A, it is deduced from IKAubuisson's experiments, who ascer- 
tained that of an experimental number n, whose mean was 0'0238, in which 2 g enters as £actor. 

0*0288 
Consequently, by performing the division we have = 0*0012, which number becomes the 

value of the coefficient i. It is evident that this result is very liable to change according to the 
nature or state of the surface over which the gas has to pass. D'Aubuisson obtained it by makins; 
atmospheric air pass through tin tubes, which must have offered but little resistance compared with 
cast-iron pipes, whose surfaces are usually rough. It becomes then a matter of option either to 
adopt this value in the above equations, or else to substitute in the denominator the constant 
number 0*0238 for the factor k2g, whereby the final values will be in no way changed. 

To end this subject and give a few examples, we will now complete the formulas by applying 
the multiplier relative to the densities. The velocities represented by those formulas, such as we 
have defined them, are those that would correspond to heights of manometrical pressure; that is to 
say, expressed by columns of mercury. In order to obtain the velocities of gases having the cor- 
responding pressures, it is sufficient to multiply, as before, the two terms beneath the radical by 
the ratio of the densities of the mercury and the gas under consideration. By again representing 
the density of the mercury by dP and that of the gas by d, we have 

V = a/ZZJU^ZTZ"-. y/ 266-76 PD» n^ 

A2(7LD'* + D* d " (0 0238 LD* +!>*)<' 

for the first formula [El where the diameter of the orifice from which the gas flows is supposed to 
be different from that of the pipe. And for the second formula [L], where the diameters are equal, 

r-V 266*76 P-P - p^] 

(00238L + D) d "" -* 

It may be useful, however, to observe that, in the latter case, the coefficient ought perhaps to 
be modified, since it was obtained by means of pipes with a contracted end. But the error com- 
mitted by leaving it as it is would be of very little importance, considering that in practice the 
departure from theoretical results is generally far greater. 

Problemt relaUng to the Postage of a Gas through a Pipe. — Let us endeavour successively to find 
with what velocity both air and steam would flow, under the two separate conditions :~lst, where 
the pipe is terminated b^ a conical ajutage, diminishing the diameter when the gases escape ; 
2nd, wnere the diameter is the same throughout. 
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First example. — Find the velocity with which air flows through a pipe having an ajatage, with 
the following data : — 

Pressure or height h at the oommenoement of the pipe . . P = * 10 mbtiee. 

Lengthofpipe L = 60 „ 

Diameter of pipe D = 0*20 „ 

Diameter of orifice where it escapes D'=:0*05 ^ 

Supposed density of the air Caooording to its temperature) d = 0*0013 „ 

Solution. Formula [M]. — Admitting that the state of the pipe admits of the application of the 
coefficient given by D'Aubuisson, we find 



_ /y/ 266*76 X 0*10 X 0*20 



5 

r = A/ gw_ru^^v_xv^^^^j =140*9 metres. 

(o*0238 X 60 X 005*+ 0*20 ) x 00013 • 

If the velocity were not affected by friction with the pipe, it would be the same as that due 
directly to the pressure 0*10, according to the foregoing rules, and equal to 144 m^res. There is, 
then, a loss of rather more than 3 mHres, which is very little. But that is because we have sup- 
posed the orifice where the gas escapes to be much smaller in diameter than the pipe, whereby the 
velocity is lessened in proportion. For. the diameters being respectively 20 and 5 centimetres, the 
mean velocity u within the pipe will only be -ji^th (square of the ratio of the diameters) what it is 
on leaving it, barring a correction on account of the contraction of the orifice, and whose coefficient 
is equal to about 0*93; let 

tjD'0*93 140*9 X 00025 X 0*8649 „ ^^ .^ 

u = — = = 7 ' 61 metres. 

D' 0*04 "*vww,. 

So that the loss due to friction is extremely small. 

Second example. — Find the velocity of the flow under the same conditions as above, with the 
exception that the pipe is supposed to be completely open at the end ; so that we have D' = D. 

Solution. — By adapting the formula [N] to suit the case, we have 

. = v'TTsee^Ze^iooXolJ^o— ^ ^.^ ^^^ * 

(00238 X 60 + 0*20) X 00013 

It will be perceived, in this instance, that the velocity is notably altered ; but it must also be 
observed that that has been its mean velocity throughout its entire course. 

Third example. — ^Find with what velocity steam would be discharged through a pipe into the 
ambient air, with a pressuro of 4 atmospheres, imder the following conditions : 

Effective pressure of the steam (3 atmospheres), or . . P = 2 * 28 metres. 

Density d = 0*0021 „ 

Lengthofpipe L = 25 „ 

Uniform diameter of pipe D = 0'12 „ 

Solution. Formula [N].— The mean velocity within the pipe, as well as that with which the 
steam escapes, are apparently equal to 

. = V- - 266:76 X 2-28 X 0112 _ ^ 220*6 metres. 
(0*0238 X 25 + 0*12) x 00021 

Had the velocity not been altered, we should have had 

0021 

The change in the velocity is, therefore, very considerable ; but, as the velocity is also great, 
the result is simply in conformity with the theory according to which the force absorbed by faction 
increases as the sauare of the velocity. 

Fourth example. — Let us take the same data as beforo, but with a diameter of pipe of 20 centi- 
mlbtres instead of 12, so as to see what effect it will have. 

Solution. — Using the same formula, we have 

„ = \/7~266l76^2^2f X0[20:3 ^ ^^ ^^^ 

(0*0238 X 25 + 0*20) x 0*0021 ^ 

in lieu of 220">*6 with a pipe 0""12 in diameter, and about half the maximum velocity 538 due to 
the relative pressure of the steam if no friction existed. 

Voiutnea of Steam that are discharged through simple Orifices and Pipes. — ^It is dear that the only 
difficulty in the way of solving the question of the expenditure of gases and steam, was the ascer- 
taining its velocity. As to the volumes discharged, they are, as in the case of incompressible 
fluids, the product of that velocity by the section of the orifice, and by a coefficient of contraction 
determined by experiment. Ck)nsequently, the latter part of the problem may be considered 
simply as a remark, having reference principally to the coefficient of contraction that ought to be 
adopted. 

Coefficients of Contraction. — D'Aubuisson found that, as in the case of incompressible fluids, the 
coefficients of contraction m applicable to the expenditure of gases had the following values : 

For a narrow-edged orifice 0*65 

For a short cylindrical ajutage 0*93 

For a short ajutege, but slightly tepering . . 0;95 
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To obtain the real expendituze it suffices, therefore, to multiply the theoretioal product by one 
of the above values, according to the nature of the case. 

First example. — A certain gas flows through a narrow-edged orifice 5 centimetres in diameter, 
with a Telocity equal to 150 metres a second ; find the total volume Q discharged in a minute. 

0*05 X M X 150 X 60 X 0*65 
Solution.— We find Q = ^^ — ^ = 11*486 cubic metres. 

Second example. — ^The orifice of the supply-pipe being rectangular and measuring 20 centi- 
metres by 3, and open in full during a reauced time of 0*5 of a second, what volume of steam 
would enter the cylinder of an engine, supposing the pressure and density to correspond to a 
velocity equal to 300 metres ? 

Solution.— We have 003 x 0*20 = 0»»*006 for the surface of the orifice. If we take 0*9 as 
the coefficient, then Q = 0*006 x 300<» x 0*5 x 0*9 = 0*810 cubic metres. 

As regards the expenditure through a pipe, we may observe that, in the case of a narrow 
ajutage, the coefficient 0*93 may be used; but it is to be dispensed with when the pipe is 
cylindrical. The operation is reduced, therefore, to precisely the same terms as before. 

Note rehtiruj to the finding the Diameter of a Pipe where the Flow is to take place under certain Fixed 
Conditions. — Generally speaking it is not a difficult problem to ascertain what ought to be the 
dimensions of an orifice in order to satisfy certain definite conditions ; but it is not the same as 
regards the dimensions of a pipe, whose diameter, we have seen, enters as two different powers in 
the expression of the velocitv and the expenditure. It is possible, however, to arrive at a practical 
restilt of sufficient accuracy by the aid of a simple method of which we will endeavour to lay down 
the elements. Of course we suppose the pipe to be uniform in diameter and without contraction. 
If we bring together the expression of the velocity and that which corresponds to the section of 
the pipe — which we have supposed all along to be circular — and multiply the one by the other, 
the restilt will evidently be eaual to the volume Q discharged under the said conditions, since 
it will be the product of the velocity by the section. Thus we have formula [N] 

^ 266*76 PD 3 1416D* 

(00238 L + D)d^ 4 "" ^* 

Squaring the two members, and representing by a the product of the invariable quantities, 

a T* TV 

with the exception of the coefficient 0*0238, it becomes Q* =3 (qTMrr Ij 4- m ' d ' 

As we want, now, to find the diameter D, we must draw its value from this formula. But as 
that operation would be very difficult to perform in a direct manner, on account of the two powers 
D and D*^ we extract the value of D^ as if I) were known, and we find 

jj _ ^ / "C0^2a«LTD)"Q«d 

And as a is a fixed number, and equal, as may be seen, to 

'^*^Y X 266*76 = 164*5576, 

we extract its fifth root, which is equal to 2*8, whereby we divide the unity, which gives 0*3571 ; 
call it 0*36, and taking that number as multiplier from the radical, we arrive at this last 

expression: _ 

D = 0-36 V^ t00238L + D)"Q'rf . [O] 

Kow, in order to work W means of this formula and finally disengage D, this is what may be 
done : We operate, in the first place, by considering D under the radical equal to ; we shall 
thus obtain a first value of D, though rather a weak one. We then recommence the process, this 
time assigning to D under the radical the approximate value found by the first operation. The 
second value of D thus obtained, will always be near enough for all practical purposes; if, 
however, these two successive values were to present a very wide difference, the accuracy of the 
second value might be tested by performing a third operation wherein that value would in turn 
be substituted for D under the raidical, and might be considered correct if the result of the said 
operation turned out to be apparently equal to it. 

Example. — Be it required to find the diameter D of a pipe under the following conditions : 

Length of pipe L = 100 mStres 

Expenditure of gas in a second of time .. Q = 0*5 cubic metres 

Relative pressure of the gas P = 0*7 metres (mercury) 

Density of the gas d = 0*002 

Solution. Formula [O]. — By considering D under the radical equal to 0, we have 
D = 0*86 J/ r0~0238iriOO^^T )ir0-25x'0*002 ^ ^^^^^^ 

a first value of D, which we substitute in its place under the radical, in order to perform the 
second operation, when we find 

p - ft-se ^ (00238 X lOO" + 1 01) X 028 x 0002 _ ^_^^^ 

and as this last result is the same as the first, we may be sure that we have the true value of the 
required diameter, and no further operation is necessary. As it may appear stiange that the same 
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answer Bhonld be obtained from two formulas, one of whioh contains a qnantitv more than the 
other, we must observe that the results are, in reality, different, but that that dirorenoe manifests 
itself only in a series of deoimals that are not appreciable in practaoe. In general, the very 
dLs^Msition of the formula leads us to understand that it is sufficient if the length of the pipe is 
equal to several times its diameter — which is almost always the case and may be ascertained 
beforehand — ^for the result found by the first operation to give the true practical dimension 
required. A single operation would, therefore, be sufficient ; but it is as well to verify it, either by 
repeating it and giving D its value beneath the ndioal, or by finding the expenditure of the pipe 
aooQiding to the oonditiatis laid dowiL 

Thus, in order to test the preceding operation, if we seek the velocity of the flow according to 
the length of pipe, 100 metres, its diameter 0*101, and the pressure 0*7, we find it to be 62*60 
metres, which, multiplied by 0*008012, area of the circle 9*101, gives 0*501 cubic metres as the 
expenditure of the pipe. It is needless to add that this result may be considered to be in strict 
conformity with the primitive data of the problem. 

We shall limit ourselves to this much, considering that we have said all that is useful touching 
the expenditure of steam and gases ; observing, however, that the preceding rules apply where the 

Sipes are straight or curved, but not where they have contractions or s£ftrp angles, such as to 
€»troy a portion of the vit viva of the fluid in motion. At the conclusion of this article we shall, 
as usual, give a list of such authors as mav be consulted by those of our readers who are desirous 
of obtaining more complete notions upon the subject* 

Physical Pbopbbties or Steam. — The functions of steam motors repose upon the mechanical 
properties of the aeriform fluid produced by water in its physicarchange called the state of stecan, 
jBefore studying, therefore, the ix>nstruction of such machines, it is indispensably necessary that 
we should give an exact account of the circumstances whereby the phenomenon of the conversion 
of water into steam is attended, showing the conditions under which it is accomplished ; the phy- 
sical effects that immediately result therefrom ; the means of ascertaining their intensity ; and, 
finally, the part taken by the chief imponderable agent, hecU at oaiariCy and the combustiole sub- 
stances by which this latter is developed. Thus, it is with steam-engines as with hydraulic 
motors, the motive power is borrowed from natural agents, namely, Oalobxo and Gravitt. 

By the means of caloric, an inert liquid, possessing gravity onlv, is transformed into an expan- 
sive gas deriving its power from itself, mien that said liquid has been previouslv elevated by 
natunil forces, gravity seems to use it as a sort of receiver to whom it has entrusted its power in 
order that it may be restored at a moment when that same liauid may be utilized as a fail. 

The comparison of these two imponderable agents, brougnt into play for the purpose of ob- 
taining motive force, is suggestive of a ver^ interesting remark, which is, that, in tx>th cases, one 
of the two agents, caloric, has been the primal cause of the mechanical effect obtained, since the 
water, elevated so as to produce a useful fall, was raised solely by the action of heat, which caused 
it to evaporate so that it might afterwards fall in the shape of rain, forming streams and rivers. 
It is quite certain that without that cause water would onl^ be known to the world as an uniform 
level, precisely on account of that gravity which forbids its being raised otherwise than by the 
development of some mechanical power of corresponding intensity. 

It may, therefore, be said that, in the two systems of motors, water and ateam, |he first phy- 
sical expenditure is supplied by caloric. 

In hydraulic motors, it effects the change of state by opposing the action of gravity, which will 
restore later that expenditure of action after the return f^om the vaporized to the liquid state. 

In steam motors, the effect of caloric is immediate, while that of gravity is, for the tune, 
eliminated. 

But, even in this latter case, it will be easy to see that the laws of gravity still intervene to 
measure, in a manner, the effects produced by caloric, which may always be expressed — ^like every 
other mechanical work — by the raising of weights. 

It becomes, therefore, very easy to understand this transformation of natural powers, so inti- 
mately connected that their effects are e^ual, and exactly compensate one another. This wilL 
perhaps, serve to explain the error into which some persons have fallen, who fancied that it could 
create an advantageous motor, by raising water with the aid of an artificial vacuum formed by 
the condensation of steam, and then utiuzing it by allowing it to fall upon a wheel or other con- 
trivance. 

But it must be evident that a volume of water, raised at the expense of a certain quantity of 
steam, cannot develop by its fall a greater power than that which would have been produced by 
the direct use of the steam : it is better, therefore, to adopt this last method. 

Definition of Steam. — In nature, bodies present themselves under three different forms, — ^the 
solid, the liquid, and the gaseous or aeriform. 

Were it not for the particular oiroumstances under which these bodies are generally main- 
tained, some in one state, some in another, so as to enable us to classify them as above, — with much 
stronger reason might we say that bodies have no absolute state, but may present themselves 
indinerently under the one or under the other, which is true. 

The normal condition of the medium in which we exist is the sole cause of the distinction that 
has been admitted into common parlance. We say that water is a liquid ; that metals are solids ; 
that air is a gas, and so on ; and yet water may become solid as well as gaseous, and metals may 
be made liquid and even into gas. If air appears not to possess the property of liquefVing or 
solidifying, it is in all probability because we are ignorant of the means requisite — ^not because 
they do not exist : other gases are known to be capable of these changes. 

So that, — setting aside air for the present, — the physical state of a body is a mere question of 
temperature. It is certain that, if that of the earth nowhere exceeded one degree centigrade 
below zero, water would be classed as a solid ; and, in the opposite event, if the tcanperatare rose 
to a sufficient degree of heat, water would be called a gas. 
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ed (bi* in ft geoentl mmmter, we will sow OMnm oimelTea axeladTd; with 

. « Ilia dutngw to wliioli w»tei may be flubjected. But, however great oaz 

desire may be to riutdi^ •■ Bovdt m pooillile the stod; of tteaio, it will not ■vail our nsden 
ddIgm th^ luve mne knowledge in pojiiai, npon whioh we oaaiiot enter here. We will there- 
tore luppoM that knowledge to exifd, wnbtoning the OiBorT of gnntj, hydroatatics, the equili- 
brium of guas, and the phenomena of hent. W^en ooouioo reqrarw, nureorai^ we ihall not UI 
to recall to mind the fundamental laws of these different brtnoben of jAjvioi. 

Prindpltt of tKe Formatiim of Steam. — If a certain qouititv of water be placed in a ii— il at 
poured npon the );round in the open air, it will graduallj tUminieh in Tolume, and, in oonrae of 
time, diaappear altogether (mlesB renewed. The water ia tlien said to have naporattd, or tnuiB- 
fon^ itaelf into steam— that is to say, a g«8 — invisible like air and mingling with it. 

If, in lien of leaving thewatercootainediu the veneltdrnply exposed to the temperatnre of thq 
•nrronnding atmoephere, we place It over a Are, it b««iiii to lieaL then to ioi^ and flnallv dis- 
' "ivided no liquid be added, and that 
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which means that it luu again b^n converted into steam, but raptdl;, and accompanied by tlia 
phenomenon of ebullition. 

We see, then, that the tiansformatlmi of water Into il«am, or its changa from the Uqnid to the 
gaseous state, takes plaoa under two different couditioos, which are, 

1st. Bioa maporation in ttie open air, and without any efferf esoenoe ; 

2Dd. VaporiiatioTi, which dgnifles the rapid and tnmultuous oonrersloD Into steam. 

These two methods, though differing in appearanoe, in no way affect the propertiea of steam. 
We shall laam, as we proceed, that those conditions only prove that steam is formed at all tamp»- 
tatores ; and that, in both cases, when passing from the liquid to the gaeeoos state, the water aets 
merely in obedience to a repulsive force of its molecules, whioh have a OMistant tendeiMy to 
separate from one another, ovenwmini; the resistance of the ambient medinm. The formatian of 
steam in vacuum fully illostiBtea this truth, and nu^ht,jndgii]g from the mere snpetfleial eridenoe 
of onr senses, constitute a third method, whereas it is but an explanation of otie single general 
phenomenon. We shall also see Uiat this expansive force of the liquid raoleouies inmate* wiUi 
the temperature of the water. 

ForinaiioH of Sltam tn Fiieiitun. — It has been shown by means of the most ooueluaive espcrjmentt 
that the formation of steam is a permanent property in liquids, and that they would Immediately 
asinme that state were they not prevented, undpi the ordina^ conditions of tbeir temperature, by 
the external pressure of the medium in which they are placed. 

Effectually, if water be introduced into a space entirely void of air and where no pressure 
exists, that is to say, in vacuum, it vaporiies instantaueonsly ; so that of ao apparent and fluid 
body, there only remains an invisible gas like air; and this phencanenon is aoMtnplished no 
naMer what the temperatnre of the liqnid may be. This curious fact is demonstrated by physicists 
In a very remarkable ezperimeot, and the moat satisfactory, perhaps, that oonld have been 

Two mercurial barometers being disposed in the manner indicated by Tig. 848, and both at 
flnrt marking the atmospheric pressure, like B, a drop of water, whence the air baa been earefolly 
expelled by distillation, is introduced into one t^ the barometrical tubes, say A, 
at its lower end by the aid of a bent pipe. On account of its speoi&c lightness the 
drop of water soon reaches the summit of the mercurial oolumn and enters the 
barometrical chamber or Torricelli's vacuum. 

But here, and at tbe fame time, an extraordinary phenomenon takes pls^e ; 
the column of mercury falls while the dmp of water diBsppears, entirely or in 
part, according to certain ccmditions whioh we shell point out presently. Be 
that, however, as it may, the fall in the mercury ia snfflcieutly great uot to be 
attributed to the mere weight of the liquid, which, by virtue of tbe immense 
difference existing between its own density and that of the metal, would, at tbe 
most, have caused a depression in the latter scaicely appreciable. Neither cAn 
it be accounted for by a certain quantity of atmcsplierio air disengaged from the 
water, since this last was previoiuly purged by distillation. 

Wo arc, therefore, bound to cooclude from this experiment that a gaseous 
body has been fonned in the barometrical chamber, endowed with an expansive 
force capable of oaosing the depression a, which may be easily measured by . 
means of the bannneter B, that has remained intact That eas is none other t 
than tbe steam arising &ran the water, whose moleculee, no longer under the 
influence of atmospheric pressure, have separated from one another with an effort of repulsion 
which is exactly measured by the barometriotl depreaaion a tesnlting therefrom. 

Bo that, in principle, the transition of water to the state of gas or steam is tbe oonsequenoe of 
a natural expansion of its mnleculea. which only becomes manifest when it is capable of snnaount- 
ing the pressure of tbe ambient medium. 

TAe Inflttence of Ttmparatun oa tha Formation of Sltam.— Tha ftirmation of steam in vacuum 
bein^ a generally established fsci, if, now, account be kept of the temperature at whioh the water 
was introduced mto the barometer, we shall acquire the certitude that tbe tendency to vaporisa- 
tion varies with that temperature, and that, as the latter incretwes, so much greater is the depression 
of the metcnrial column. In other terms, the elaatie foioe of steam augments with the temperature 
of the water by which it was engendered. 

The better to impress the mind with thti important proposition, let m suppose. In the laat 
experiment, that one decigramme of water was introduced into the barometer at a temperstore of 
+ 20 degrees centigrade ; we recognize from obaervation that the depreadon of the mereurial 
eolumii would in that ease be about 17 miiUml-tiea, that is, oonuning that the water loat none of 
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its heat in passing through the mercury ; it may, therefore, he said that the pressure exerted by 
the steam thus formed is equivalent to a small column of mercury of that height ; that is, ^^ 
of the entire column, or rather more than -^ of the total atmospheric pressure. 

Before enlarging more fully upon these principal properties of steam, it will perhaps be useful 
if we give a better explanation of what is to be understood by steam, and of its real constitution as 
compared with the notions one might l>e led to form thereof from a mere casual view of the question. 
Steam, with its property of expansion, and in that phase of formation in which we have supposed 
it to be, is in reality a transparent, invisible fluid, like air. The grey or white vapours that escape 
from a vessel containing boiling water, from the chimney of a locomotive engine, and so forth, are 
frequently designated as steam; but improperly so, since those mists are but an immense agglo- 
meration of microscopic globules composed of a layer of liquid water enclosing steam, and floating 
in the air, but the whole assemblage of which does not possess the slightest elastic force. They 
may be regarded as the transitory form assumed by steam in returning to the liquid state caused 
by relative slow cooling. The phenomenon of fogs is often witnessed in the atmosphere, when the 
gaseous vapour which it always contains in a greater or less degree is, from some cause or other, 
partially condensed. 

The Maximum Elastic Force of Steam. — It is clear, from the foregoing experiment with the 
barometer, that, since water only vaporizes so long as it meets with*no opposition from the external 
pressure to which it is subjected, that vaporization ought to cease as soon as the steam already 
formed has acquired precisely that tension which limits, with a given temperature, the expansion 
of the liquid molecules. And this, in fact, is what happens. For, if a sufficient quantity of water 
be introduced into the barometer, the whole of it does not become transformed into steam, but a 
portion still remains on the top of the column of mercury after the depression of the latter has 
taken place. In order to attain this result it is necessary that the volume of water introduced 
should bear a certain relation to the size of the barometrical chamber, including the fall of the 
mercury. When these conditions have been fulfilled, the chamber is said to be saturated, t?Mt the 
steam has attained its maximum of expansion or elastic force. This is tantamount to saying that a 
sufficient pressure has been engendered to balance the tendency of the water, with its actual 
temperature, to transform itself through the expansive force of its molecules. 

Things being in this state, if by some means we are able to enlarge the space occupied by the 
steam, fresh quantities of water will be vaporized, and if we continue increasing it, not only will 
the whole of the water disappear, but the steam will still fill it and yet its pressure will not be 
completely destroyed. 

If we have recourse to the opposite process, and lessen the space, a portion of the water that 
had been converted into steam returns at once to the liquid state ; and should we persevere in 
reducing it until it equals exactly the volume of the water originally introduced, the entire mass 
then assumes its primitive form. 

These properties, which are an inevitable consequence of what we have said touching the 
equilibrium between the tension of the steam formed and the natural expansion of the molecules 
of the liquid mass, are rendered clearly evident by the aid of an instrument called a well barometer. 

This instrument consists of an ordinary barometer. A, Fig. 849, but whose basin is formed of a 
deep tube B, widening into a cup at the top and partly filled with mercury, constituting a sort of 
well into which the tube A may be plunged to a considerable length. As the 
height of the mercurial column is invariable and has for its base the level of the 
open surface in the basin, it follows, as a matter of course, that, by immersing 
the tube A in the well, the deeper it goes the smaller in proportion will the 
barometrical chamber become. If, consequently, we make a drop of watQr a pass 
to the surface of the mercurial column, as before, the space occupied by the 
steam will increase or diminish according as we raise or lower the tube in the 
well. By raising it the drop of water grows gradually smaller, and finally dis- 
appears altogether. By continuing thus to augment the barometrical chamber, 
the mercury — ^repulsed at first by the elastic force of the steam — ^will be seen to 
reascend towards its normal height, but without ever exactly attaining it, even 
oould the tube be indefinitely raised ; which clearly proves that the steam con- 
tinues to occupy the additional spaces offered to it, and always exerts a pressure 
whose intensity is in the inverse ratio of those spaces. 

If now we replunge the tube A deep into the well, we shall see, little by 
little, the water reappear, and the whole of the steam will return to the liquid 
state if we immerse the tube sufficiently deep to reduce the vacuum to the 
dimensions of the drop of water. 

This experimental result has caused physicists to sav that, although steam, 
like gases, possesses an indefinite force of expansion which enables it to dilate 
as the dimensions of the vase containing it are increased ; it is not, like most 
gases, indefinitely compressible ; but, that it has a maximum of elasticity or com- 
pression beyond which it ceases to resist, and, by condensing, returns to the 
liquid state. But this, however, in no way proves that it has not properties 
entirely identical with those of gases; for, beyond this fact, which nothing 
authorizes us to affirm, that gases are susceptible of any amount of compression^ 
it has been observed that several of them liquefy in reality, if subjected to sufficient pressure. Of 
this number is carbonic acid, for instance, which becomes liquid ander a pressure of 45 atmospheres. 
Other gases liquefy with a much less pressure. But. steam offers an advantage seldom or never 
met with in permanent gases, and that is, the facility of observing the condensation that takes 
place if we endeavour to compress it beyond a certain limit. It is that limit that has been 
termed the maximum of elastic force, and which varies with the temperature of the liquid by which 
the steam was generated. It would appear, then, horn this, that in vacuum, when the quantity 
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of llqnld \b sufBciont, the ateAin aoquires immediately itt mAiimnm of elutia force, after which 
the vaporiKBtion inatBlitlj ceases if no modification of spoce tftkes place. Bv Baying that at that 
moment tlie space is aalaraled, we use an eipresaion that renders well the idea ve wish to oonvey 
of (he formation of steam which can onlj continue to disengaKe itself so long as its own pressure 
offers no opposition to (he continued expansion of the liquid molecules. 

TA* Selaiion fietirven the £Uutk fhrci nf Steam and Its Temperature. — Now that the principle of 
the formation of steam has been rendered tntolligihle through the evidence affonlod hy its 
development in vaeunm, it becomes easy to show how its power increases with its temperature. 
Id the foregoing eiperiraent — the instrument used being the barometer, which does not admit of 
the measurement of a greater pressure than that of the atmosphere balanced by its colamn 
of mercury — we were unable to observe the effects of steam at a higher temperature than 100 
degrees, in which case the pressure would be sufficient to entirely overcome the said column. 
The eiperimenta, therefore, could only range between the temperatures of zero — the lowest limit 
at which virater liquefies— and 100 cfegreea, when, the mercury in the vertical tube being on a 
level with that in the hnsiii, the instrument ceases to act. This Oiet result has proved, however, 
of very great importance, since it has afforded an eiact knowledge of the general properties rf 
steam, and has enabled as, moreover, to establish a unity of measure of its power. Without 
rejecting the facility of measurement presented by (he barometer, (he grand unity, that has been 
chosen as standard, is the pressure of the atmosphere, to which (ha( of steam becomes equal at a 
certain temperature, as seen already. Consequently, when the pressure of steam is capable of 
replacing the column of mercury in belancinfi; the exteniat air, it is aaid to be equal (o one 
atmosphere. That pressute, as expressed by weight and unity of surface, is, we know, equal to 
1-0333 kilogramme on every square centiml^tre. It is simply the weight of a oolnmn of mercury 
measuring 76 centimetre in height and 1 centimetre square at the base. 

If, as we have explained elsewhere, water, when heated in the open air, cannot exceed the 
temperature of 100 degrees centigrade, the case aasumea a very different aspect when it is confined 
in a close vessel from which (be steam is unable to escape into the atmosphere as fast as it is 
formed. The temperature of the water may (hen be heigh(ened, givipg fot(b steam whose 
pressure increases, we might almost say, indefinitely. 

In order (o furnish a first demonstration of this fact, physicists have lecourse to a very simple 
experiment, of which we must say a few words. 

A tube. A, Fig. 850, bent in the form of an U, but having its branches of unequal length — the 
longer being open to the air, while the shorter is hermetically closed — is partially filled with 
mercury, and a drop of water is made to pass to the Bnmmit of the column in the 
sealed end, as seen o( a. *"•■ 

Having made (hese arrangements, If we now plunge the instrament into an 
oil bath at a temperature greater than 100 d^rees, at^m begins to form, spread- 
ing ^m a to m n, and thrusting back the mercury which rises in the longer 
branch of the tube to a certain neight s I, It then becomes evident that the 
steam exerts a pressure superior (o that of the atmosphere, since when in its 
liquid state it bore that pressure transmitted through the memory, but repulsed 
it as soon as it became transformed. 

Its real pressure is therefore equal to that of the atmosphere plus the column 
of mercury H, measured from the open surface » I (o (he horizon(al line m n, 
passing through the summit of the column in the short branch of the tube. 

Be it granted, for example, that, in the above experiment, (he larger column 
of mercury has reached a height E equal (o 45 centiml^tres ; how should we 
express ourselves in order to indicate the pressure of the steam that has been formed, aUowaooe 
Ibr the expansion of the mercury not being taken into consideration ? 

With a barometer indicating that, at the moment of the experiment, the atmospheric pressure 
Is balanced by a column of meroury 76 centimetres in height, the steam Vfill have overcome a 
reuatiog column of 76 + 15 = 121 centimetres. In order to establish the relation between (he 
height of that pressure and that of the atmosphere, we say, -— ^ = l'592i meaning (hat (he 

preaanre of the steam is equal to 1 atmosphere plus S92 thousandths. 

As regards the expression of the pressure by weight and unity of t 
n^tre square for (he latter, it is sufficient to know the density of the liquid raised, andlo ascertain 



As regards the expression of the pressure by weight and unity of surface, adopting the ci 
^tre square for (he latter, it is sufficient to know the density of the liquid raised, and (o asoei 
ts neigh{ according to its volume. The density of mercury being 13'598, or 13598 grammes for 



a cubic centimetre, we should have IS'SOS m 121 = 1615 grammes. We then say that the si 
exerts a pressure represented by a weight equal to 1*645 kilogramme upon every oentimMre 

Let us remark, in order that no doubt ma^ present Itself to the mind respecting the oondllton 
of vacuum laid down just now for the formation of steam, — but which does not "PpG io the above 
experiment, — (ba( it must be remembered that a vacuum does not otherwise modify the phen 



of the generation of steam, beyond allowing its instantaneous aooompliahment, and a 
temperaturea, even that of freezing. Consequently, the propeitiee observed are the same in both 
instances. Were it possible for us to transport ourselves to some place where the barometrical 
pressure could reach a height of 121 oen(imt;(ree, the experiment might be peribrmed with that 
Instrument, and the results obtained would be precisely identicaL 

Although the last experiment has enabled us to note the pressure of steam for temperatures a 
little aix)ve 100 degrees, it would not be so wero it to become very much greater; for, as steam 
rapidly acquires verr considerable pressure, it is more than probable that the instrument would 
not be able to resist it. 

The first men, after English aeenrate investigators, to thoroughly investigate this question in 
Fiance were the celebrated At»go and Dulong, to whom (he Academy of Bciencee entrusted (he 
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iranirtant md useM minion of MoerUdiiin^ the elastic force of steam throog^hmit the most extended 
soue of temperatures possibla That laborious work was only terminated in 1830. 

This is how these illustrioiis savants operated so as to obtain high degrees of temperature, and 
be able, at the same time, to measure the oorreqMnding elastieity of the steam. 

The water was enclosed in a boiler made of strong sheet iron, perfectly air-tight, and fixed 
in a brick furnace. Two eun-barreU, open at the top and closed at tne bottom, were then inserted 
into the Ud, descending, the one to the lower part of the yessel, the other to the upper, where the 
steam was confined. Both were filled with mercury, which acquired necessarily the same tempe- 
rature as the fluid into which the barrels were plunged, and which could be easily measured oy 
the aid of thermometers so disposed as to suffer no loss by cooling. Being thus in a position U> 
know at any moment the tempereture <^ the liquid and of the steam arising frem it, a communi- 
cation was established between the latter and an instrument suitable for measuring its corresponding 
tension. 

!t^hat instrument is what has been called later a Ckmdeiued-mr Manometre^ and is composed, in 
principle, of a stout glass tube A, Fig. 851, dosed at its upper extremity, while its lower one, which 
IS open, dips into a Dasin B, containing mercury. This tube is care- 
fully adjusted to the basin, so as to cut off all communication with the 
exteruM atmosphere. A second tube C, similarly fitted, has one of its 
ends inserted likewise into the basin, but without dipping in the 
mereury ; while the other is connected with the yessel in which is 
the fluid whose elastic force has to be ascertained. 

In order to understand the working of the manometre, let us sup- 
pose, before beginning the experiment, that perfisct communication 
exists betwcMi the several parts, and that the whole is filled with 
atmospheric air ; it is then clear that the level of the mereury within 
the glass tube will be the same as that in the basin, the pressure heing 
equal throughout. Soon, however, the temperature of the liquid 
beginning to rise, steam is formed in the boiler, and the air it contamed 
is thereby gradually expelled through an outlet temporarily reserved 
for that object. m> long as the temperature has not reached that 
point at which the tension of the steam exceeds that of the atmo- 
sphere, the level of the mercury remains unaltered ; but, from the 
instant that occurs, from the spedal arrangement of the apparatus, the 
temperature of both the liquid and the steam augments, as well as 
the elastic force of the latter : the mereury is then seen to rise in the 
tube on account of that excess of tension, which is felt alike in the basin 
containing the mereury and in the vessel where the steam is generated. 
But, as the mereury rises, it necessarilv compresses the air confined 
in the upper portion of the tube, and whence it is unable to escape : 
the elastic force of that compression must be the same as that of the 
steam, by virtue of the equal transmission of pressure, barring a cor- 
rection on account of the weight of the colunm of mereury ralMd. This compression of the air 
above the mereurial column is, therefore, the measure of the elastic force of the steam ; and is the 
more easOy determinable that air is compressed in acoordanoe with a well-known law, discovered 
by Mariot, and defined in the following tnvoB : — 

The volnfWM of gaset are mvers^y proportional to their preemures. 

We shall revert again to that law, to which we merely allude for the Better intelligenoa of the 
psesent experiment. 

Consequently, if we adopt as unity the volume of air contained in the tube at the commence- 
ment of the operation, with the ordinary atmospheric pressures, when, by the rising of the mereury, 
that volume has been reduced one-half, we shall conclude that it supports a double pressure, or 

2 atmospheres ; when it has been reduced to one^third, that the pressure ia triple, or equal to 

3 atmospheres ; when to one-quarter, 4 atmospheres, and so on. 

This disposition of the manometre enables us, therefore, at any moment to ascertain the elastic 
force of the steam formed, while the thermometers give ite temperature. We may add that the 
experiments have been carried as £ar as 24 atmospheres. From these experiments and others, a 
very complete Table has been made of the corresponding elastic foroe of steam for various tempe- 
ratures and also a formula whereby the intermediate quantities may be calculated. We subjoin 
that portion of the Table which is most likely to prove useful in practice. The elastic forces given 
are maxima, that is to say, those, at each temperature, where the steam taiuratee the apace and 
would commence returning to its liquid state if an attempt were made to compress it. The Table 
is divided into two parts, the first comprising the elastic forces of steam for temperatures ranging 
from to 100 degrees, the second the temperatures corresponding to elastic forces that vary uom 
1 to 50 atmospheres. 

A third Table has been added to these, based upon calculation, for pressures ranging between 
100 and 1000 atmospheres. Although it is the opinion, even of savants, that the numbers it 
contains are not to be relied upon, since they have not the sanction of experiment, still we give 
it, that it may serve for comparison. 

The two first Tables, on the contrary, afibrd all the guarantee demanded in practice ; and f nmi 
more recent researehes^ made by M. Regnault, it turns out that, with the exception of a few slight 
diffiorenoes, their correctness may generally be depended upon. 

In examining these Tables with a little attention we are struck with a very remarkable result, — 
it is the rapidity with which the tension of steam increases, compared with its temperature, and 
how very far the two effects are from being proportional. This fact may be rendered still more 
apparent by means of a giaphic tracing, which, being constructed with the assistance of the 
numbers given in the Tables, brings it more prominently before the understanding. 
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Table I.~Thb Maxzhto Elastio Fobcb of Steam fob Tkhpkbatubes fbom to 100 

DEQBEBS OeKTIGRADE. 



Degrees. 


Tenriooof 


PretiaTeln 
kilos, on 

1 oentimitre 
sqiuure. 


'Degrees. 


Tension of 


Pressure in 
kilos, on 

1 oentlmdtre 
square. 




Tension of 


PrcsBunin 


oentU 
KiMle. 


Steam in 
minimi trefl. 


oentl- 
grade. 


Steam tu 
naUimetres. 


ovnti- 
grade. 


Steam in 
mlUimfttmL 


KJKXk UU 

1 ocntimdtn 
square. 





5059 


00069 


34 


38-254 


0-0520 


68 


209-440 





•28454 


1 


5 


398 


0- 


0074 


35 


40-404 





0549 


69 


219 060 





-29761 


2 


5 


748 





0078 


86 


42-743 





0581 


70 


229070 





-31121 


3 


6- 


123 


0- 


0084 


37 


45 038 





0612 


71 


239-450 





32532 


4 


6 


523 


0- 


0089 


38 


47-759 





0646 


72 


250-230 





-33996 


5 


6 


947 





0094 


89 


60-147 


0- 


0681 


73 


261-430 





-35518 


6 


7- 


396 


0- 


0101 


40 


52-998 





0720 


74 


273030 





37094 


7 


7- 


871 





0107 


41 


55-772 





0758 


75 


285-070 





39632 


8 


8' 


375 





0114 


42 


58-792 





0799 


76 


297-570 





40128 


9 


8 


909 


0- 


0122 


43 


61-958 


0- 


0818 


77 


310-490 





42184 


10 


9 


475 


0- 


0129 


44 


65-627 





0892 


78 


323-890 





44004 


11 


10 


074 





0137 


45 


68-751 





0934 


79 


337-760 





45888 


12 


10 


707 





0146 


46 


72-393 


0- 


0983 


80 


352-080 





47834 


13 


11 


378 





0155 


47 


76-205 





1035 


81 


367000 





49860 


14 


12 


•087 





0165 


48 


80-195 





1090 


82 


382-380 





51950 


15 


12 


•837 





0170 


49 


84-370 





1166 


83 


398-280 





54110 


16 


13 


630 





0186 


50 


88-743 





1206 


84 


414-730 





56345 


17 


14 


•468 





0197 


51 


93-801 





12676 


85 


431-710 





58652 


18 


15 


-353 





-0209 


52 


98-075 


0' 


13325 


86 


449-260 





61086 


19 


16 


-288 





0222 


53 


103060 


0' 


13999 


87 


467-880 





63498 


20 


17 


-314 





0235 


54 


108-070 





14710 


88 


486-090 





66040 


21 


18 


-317 





0250 


55 


113-710 





15449 


89 


505-380 





68661 


22 


19 


-447 





0265 


56 


119-390 





16220 


90 


525-28 





-71364 


23 


20 


-577 





0281 


57 


125-310 





17035 


91 


547-80 





-64162 


24 


21 


805 





0297 


58 


131-500 





17866 


92 


566-95 





-77026 


25 


23 


-090 





0314 


59 


137*940 





18736 


93 


688-74 





-79986 


26 


24 


452 





0334 


60 


144-660 





19653 


94 


611 18 





83035 


27 


25 


-881 





0353 


61 


151-700 





-20610 


95 


634-27 





86172 


28 


27 


-390 





0374 


62 


158-960 





-21586 


96 


658-05 





-89402 


29 


29 


-045 





0396 


63 


165-560 





22639 


97 


682-59 





-92736 


SO 


30 


-643 





-0418 


64 


174-470 





23758 


98 


707-63 





96138 


31 


32 


■410 





-Oi40 


65 


182-710 





24828 


99 


733-46 





-99448 


32 


34 


261 





-0465 


66 


191-270 





-25986 


100 


760-00 


1-03253 


33 


36' 188 


0492 


67 


200-180 


0-27196 









Table n. — Of the Temfebatubes of Steak fob Tensions fbom 1 to 50 Atmosfhebbb. 



Elastle Foroes 


Oorrespondfaig 


Pressure In 


Elastic Foroes 


Oorrespondlng 


Pressure. In 


uxpntsitd in 


Tempentures given 


kUogrammes 


expressed in 


Tempersftures given 
bytkeOentlgmda 


kllogrsmmei 


▲tmosplMns 


bgr the Osntlnada 
UacaM 


on4 


AtmosphnfM 


ona 


of76oenti. 


uentlmitre 


ofTeoents. 


Mercurial 


oenUraMw 


of mercnry. 


Thennomcter* 


square 


of mercury. 


Thermometer. 


square. 


1 


100 


I 083 


13 


193-7 


13-429 


n 


112-2 


1-549 


14 


197 19 


14*462 


2 


121-4 


2-066 


15 


200-48 


15-495 


^ 


128-8 


2-582 


16 


203*6a 


16-528 


3 


135-1 


3-099 


17 


206-57 


17-561 


^ 


140-6 


8-615 


18 


209-4 


18-594 


4 


145-4 


4-132 


19 


2121 


19-627 


4i 


149-06 


4-648 


20 


214-7 


20-660 


6 


153-08 


5-165 


21 


217-2 


21-693 


^ 


156-8 


5-681 


22 


219-6 


22-726 


6 


160-2 


6-198 


23 


221*9 


23-759 


6i 


163-48 


6-714 


24 


224-2 


24-792 


7 


166-5 


7-231 


25 


226-3 


25-825 


7J 


169-37 


7-747 


80 


236-2 


30-990 


8 


172-1 


8-264 


35 


244-85 


36 155 


9 


177-1 


9-297 


40 


252-55 


41-320 


10 


181-6 


10-33 


45 


259-52 


46-485 


11 


18603 


11-363 


50 


265-89 


51-650 


12 


190 


12-396 
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Table m.— Of the Tbupebatubes of Steam for Tensions from 100 to 1000 Atmospheres. 



Elastic Forces 




Pressure in kilos. 


Elastic Forces 




PresBore in Uloa. 


expressed 


Goirespondlng 


on a 


expressed 


Oorrespondtng^ 


on a 


in 


Temperatures. 


oentlniHre 


in 


Temperatures. 


oentlmdtre 


Atmospheres. 




square. 


Atmospheres. 




square. 


100 


811-36 


103-30 


600 


462-71 


619-8 


200 


363*58 


206-60 


700 


478-45 


723-1 


300 


397-65 


309-90 


800 


492-47 


826-4 


400 


423-57 


413-20 


900 


505-16 


929-7 


500 


444-70 


516-50 


1000 


516-76 


1033 



The first idea of a tracing of this nature belongs to M. Cl^ment-Desormes, from whose hints 
M. Leblane made a diagram which may be seen in the galleries of the Conservatoire des Arts et 
Metiers, Paris. The one which we here reproduce, Fig. 852, comprises, in addition, a special 
tension curve, from to 1 atmosphere, after the table drawn up by M. Begnault. 
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The principle of the tracing is extremely simple. The vertical scale A B is divided into equal 
parts indicating a succession of temperatures from to 200 degrees. The horizontal line B C is 
in like manner divided into equal parts corresponding to pressures expressed in atmospheres. 
Points have been marked upon the diagram where the vertical and horizontal lines meet, that is, 
at the intersection of the abscisses and ordinates passing through the temperatures and tensions 
which face one another in the preceding Tables, and those points united by the curve A C. 

A second curve D £ has been traced to correspond with the tensions ranging between and 
100 degrees, and to enable the results to be more clearly understood by enlarpring the scale. 
Effectually, the total length of the diagram which, on line B C corresponds to 15 atmospheres, 
represents but one only with respect to the second curve D £, whose graduated scale of tensions 
is on the line F £, and gives at once the fractions of an atmosphere of 760 millimetres of mercury, 
and the absolute height of that liquid expressed in centimetres. 

Thus, by this twofold graduation of the scale we s^ simultaneously to what fraction of an 
atmosphere steam at a given temperature corresponds, and what is its equivalent in centimetres 
of mercury. 

For instance, let us take a temperature of 70 degrees in the scale D F, and from its intersection 
b with the curve D E draw a vertical line till it meets the scale E F, and we shall find that it 
answers in that scale to a mercurial height of 23 centimetres and to 0-3 atmospheric pressure. 

It is evident that the inverse operation, that is, to find the temperature for a proposed tension, 
is performed exactly in the same manner, the disposition of the diagram being equally adapted 
for Doth purposes. 

The construction of these curves is sufficient to show the rapidity with which the tension of 
steam increases, since, were it proportional, the points of intersection of the lines passing through 
the temperatures and tensions would be situated on a straight line drawn from A to G. But 
this is m from being the case, since we see by the Table that the elastic force of steam, st a 
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temperature of 82 degrees, being equal to 382 millimHres of mercury, or about half an atmosphere ; 
it becomes double or 1 atmosphere at 100 degrees, 2 atmospheres at 121 degrees, 3 atmospheres at 
135 degrees, and finally it reaches 24 atmospheres before its temperature has risen to 225 degrees. 

St^m is, therefore, a power that requires to be used with great precaution, because, after 
certain limits, a few degrees of temperature suffice to double its pressure, and may entail serious 
disaster. This is* known to all mechanicians, and should particularly be borne in mind by stokers 
for their own security. 

Density of Steam, — The density of steam forms a very important item in the study of engines, 
since it teacnes what are the quantities of water requisite to feed a given motor. 

Before giving the mere list of values that correspond to the different densities of steam, 
according to its tensions and temperatures, some explanation is necessary so as to establish clearly 
the condition in which it is when a density of any kind is applied. 

Steam may be supposed to be in two situations : 1st. jQnclosed in a vessel together with a 
certain quantity of the liquid by which it was generated ; 2nd. Enclosed in a vessel of which it 
fills the entire space without any of the liquid being present. 

First condition. — ^When a vessel contains, at the same time, both liquid and steam, what will 
happen if the supply of caloric be continued ? The water will generate more steam, which will 
oomoine with that already formed; but, as the steam occupies a much greater space than the 
water that has been vaporized, the result will be that, since the primitive volume is only aug^ 
mented bv an imperceptible quantity, its pressure will notably increase, and in a manner analogous 
to that of a gas when condensed into a given capacity. This effect is further enhanced by the 
tendency of the first-formed steam to expand on account of the elevation of temperature. 

Second condition. — If a vessel, containing steam but no liquid, be subjected to an increase of 
temperature, the steam will make an effort to expand like a permanent gas, and its tension will 
increase in the same proportion. Only, in this latter case, the prog^ression of the elastic forces 
will not be so rapid as in the former, because it results only uom the tendency to expansion, 
which, within certain limits, is proportional to the increased temperature. 

Gonsequences. — Under the first of these two conditions, where the space occupied by the steam, 
though remaining perceptibly unaltered, is gradually charged with fresh (quantities of vaporized 
water as the temperature and tension increase, it is evident that the density of that steam must 
vary also, which is not the case under the second condition, where it tends only to expand, but 
receives no additional charge. The peculiar density of steain is derived, therefore, from the first 
condition, wherein each new tension corresponds to fresh quantities of vaporized water. 

We are indebted to Gay-Lussac for the most complete notions on this subject. The experi" 
mental researches made by that illustrious savant enabled him to construct a formula by the aid 
of which he calculated a table of densities, taking those by MM. Arago and Dulong, touching the 
relation between temperature and tension, as the base of his operations. 

In order thoroughly to understand the application of densities, it must be remembered, 

1st. That the said densities correspond to the volumes occupied by the steam when at its 
mftTJmnm of elastic force, after which any mechanical compression would cause it to return to the 
liquid state ; 

2nd. That a given weight of steam is. exactly equal to that of the water whence it was 
formed. 

Table I. — Of the Dbnbitibb Ajsm Yolttmes of Steah at its Maximum of Elastio Fobce, 

FROM TO 100 DEGREES. 

The density of water at 0^ being taken as unity. 



Tempen- 
tsre. 


Tension In 


Dendty. 


Yolome. 


Tempera* 
tore. 


Tension in 
miUlmMres. 


Density. 


Volume. 





5 059 


0- 00000540 


182323 


23 


20-577 


2021 


49487 


1 


5-393 


673 


174495 


24 


21 


805 


2133 


46877 


2 


5-748 


609 


164332 


25 


23 


090 


0-00002252 


44411 


8 


6 123 


646 


154342 


26 


24 


452 


2376 


42084 


4 


6-523 


686 


146886 


27 


25 


881 


2607 


39895 


5 


6-947 


727 


137488 


28 


27 


390 


2643 


37838 


6 


7-396 


772 


129587 


29 


29' 


045 


2794 


36796 


7 


7-871 


818 


122241 


30 


30 


643 


2938 


84041 


8 


8-375 


867 


115305 


31 


32 


410 


3097 


82291 


9 


8-909 


919 


108790 


32 


84 


261 


3263 


80650 


10 


9-475 


0-00000974 


102670 


33 


86 


188 


3436 


29112 


11 


10 074 


0- 00001032 


99202 


34 


88 < 


254 


8619 


27686 


12 


10-707 


1092 


91564 


35 


40 


404 


3809 


26253 


13 


11-378 


1157 


86426 


36 


42 


743 


4017 


24897 


14 


12-087 


1224 


81686 


37 


45 


038 


4219 


23704 


15 


12-837 


1299 


77008 


88 


47- 


579 


0- 00004442 


22513 


16 


13-630 


1372 


72913 


39 


60 


147 


4666 


21429 


17 


14*468 


1451 


68923 


40 


52 


998 


4916 


20843 


18 


15-353 


1534 


65201 


41 


55 


772 


5166 


19396 


19 


16-288 


1622 


61654 


42 


58- 


792 


6418 


18469* 


20 


17-314 


1718 


58224 


43 


61" 


958 


6691 


17672 


21 


18-317 


1811 


55206 


44 


65 


627 


6023 


16805 


22 


19-417 


1914 


52260 


45 


68 


751 


6274 


15988 
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Table I.—Of thb Densitibs and 


Volumes 


OF Steak, 


&c. — continued. 




Teinpeni' 
tore. 


Tension in 
millimetres. 


Density. 


YoIuniR. 


Temperap 
lure. 


Tension In 
millim^tFea. 


Density. 


Volmse. 


46 


72-393 


6585 


15185 


74 


273 030 


22794 


4387 


47 


76-205 


6910 


14472 


75 


285 


•070 


23789 


4204 


48 


80 195 


7242 


13809 


76 


297 


•570 


24702 


4048 


49 


84-370 


7602 


13154 


77 


310 


•490 


25699 


8891 


50 


88-742 


0-00007970 


12546 


78 


323 


•890 


26739 


3741 


51 


93-304 


000008354 


11971 


79 


337 


•760 


27789 


8599 


52 


98-075 


8753 


11424 


80 


352 


080 


0-00028889 


3462 


53 


103-060 


9174 


10901 


81 


367 


•000 


30025 


3331 


54 


108-270 


0-00009606 


10410 


82 


382 


•380 


31195 


3206 


55 


113-710 


0-00010054 


9946 


83 


398 


280 


32399 


8087 


56 


119-390 


10525 


9501 


84 


414 


730 


83637 


2973 


57 


125-310 


11011 


9082 


85 


431 


'710 


34916 


2864 


58 


131-500 


11523 


8680 


86 


449 


•260 


36237 


2760 


59 


137-940 


12044 


8303 


87 


467 


380 


37590 


2660 


60 


144-660 


12599 


7937 


88 


486' 


090 


38984 


2565 


61 


151-700 


13179 


7594 


89 


505- 


380 


40417 


2474 


62 


158-960 


13760 


7267 


90 


525- 


280 


41891 


2387 


68 


166-560 


14374 


6957 


91 


545 


800 


0-00043405 


2304 


64 


174-470 


15010 


6662 


92 


566* 


.950 


44956 


2224 


65 


182-710 


15668 


6382 


93 


588- 


740 


46556 


2148 


66 


191-270 


16356 


6114 


94 


611- 


180 


48201 


2075 


67 


200-180 


17060 


5860 


95 


634- 


270 


49886 


2005 


68 


209-440 


17797 


5619 


96 


658' 


050 


51613 


1938 


69 


219-060 


18566 


5386 


97 


682- 


590 


58388 


1878 


70 


229-070 


19355 


5167 


98 


707' 


630 


55191 


1812 


71 


239-450 


20174 


4957 


99 


733- 


460 


57055 


1751 


72 


250-230 


21013 


4759 


100 


760000 


0-00058955 


1696 


73 


261-430 


21889 


4569 











Table II. — The Densities and Yolumbs of Steam fbom 1 to 50 Atmosphebes. 



Temperatnra. 



ElflsUc 
Force 
expressed 
in Atmo- 
spheres. 



100 




112 


■2 


121 


•4 


128 


•8 


135 


•1 


140 


•6 


145 


•4 


149 


•1 


153 


•1 


156 


■8 


160 


2 


163 


5 


166 


5 


169- 


4 


172 


1 


177' 


1 


181- 


6 


186' 





190' 






1 
1' 

2 

2- 

8 

8' 

4 

4- 

5 

5- 

6 

6- 

7 

7- 

8 

9 

10 

11 

12 



Density. 



Volnme. 

























'0005895 
-0008563 
-0011147 
•0013673 
-0016150 
-0018589 
•0020997 
-0023410 
-0025763 
-0028091 
-0030402 
-0032683 
•0034981 
-0037217 
-0039434 
•0043865 
-0048226 
0052557 
-0056834 



9 
39 



1696 

1167-8 
897 
731 
619-19 
537-96 
476-26 
427-18 
888-16 
355-99 
828-93 
305-98 
286-12 
268-82 
253-59 
227-98 
207-36 
190-27 
175-96 



Tempentore. 



193-7 
197-2 
200-5 
203-6 
206-6 
209-4 
212-1 
214-7 
217-2 
219-6 
221-9 
224-2 
226*3 
236-2 
244-8 
252-5 
259-5 
265-9 



Elastic 
Force 
expressed 
In Atmo- 
spheres. 



18 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
80 
35 
40 
45 
50 



Density. 



Tolmne. 
























-006107 
•006527 
•006944 
-007359 
-007769 
-008178 
-008583 
-008986 
-009387 
-009785 
•010182 
•010575 
-010968 
-012903 
•014663 
-016644 
-018497 
-020306 



163-74 

15310 

144 00 

185-90 

128-71 

122-28 

116-51 

111-28 

106-53 

102 19 

98-21 

94-56 

91-17 

77-50 

68-20 

60-08 

54-06 

49-81 



Table III.— The Densities and Volumes 


of Steam fbom 100 


TO 1000 Atmosfhebbb. 




EUsUc 








Elastic 








Force 








Force 






Temperature. 


expressed 
in Atmo- 
spheres. 


Density. 


Volome. 

• 


Temperature. 


expressed 
in Atmo- 
spheres. 


Density. 


Yolmne. 


811-36 


100 


0- 037417 


26-72 


462-71 


600 


0-17791 


5-621 


363-58 


200 


0-068635 


14 570 


478-45 


700 


20318 


4-921 


397 65 


300 


0- 097671 


10-238 


492-47 


800 


0-2279 


4-887 


423 57 


400 


0-12534 


7-978 


505-16 


900 


0-2522 


8-965 


444-70 


500 


0-15202 


6-578 


516-76 


1000 


0-276 


3-622 
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The use of these Tables is easily understood-. For the present, let it be observed that, as all 
the Talnes have not been derived from actual experiments, it is possible that some may not be 
in strict aooord with real facts ; bat, as they set forth this property, that the density of steam 
increases with the tension and temperature, we conclude therefrom that, with a temperature 
sufficiently high, it Is probable that it would equal that of water ; that is to say, that a certain 
quantity of water mignt pass to the state of steam without augmentation of volume ; ** in which 
case it would hove," says M. Pouillet, in his excellent * Treatise on Physics,' ^* a tension of several 
hundreds — perhaps of several thousands — of atmospheres." We learn from that savant that an 
experiment oas been made by M. Oagnard de la Tour demonstrating a fact that seems to be an 
approach towards that hypothetical result. It is thus : a strong glass tube is filled to be a quarter 
of its capacity with water ; this done, it is exhausted of air and sealed hermetically. It is then 
exposed to a gradually-increasing temperature, when, on arriving at a certain temperature, the 
water seems to vanish altogether, and the tube appears empty ; but, on slightly cooling, the liquid 
returns almost suddenly • • • : this effect is produced at a temperature nearly equal to that which 
eauaes the fusion of zinc, or 360 degrees centigrade. In other terms, the whole of the water 
n^tizea in a space only four times its volume I 

TAt EbuUitum of Waidr, — ^In order that the fundamental properties of the formation of steam 
may be well understood, it is necessary that the phenomenon of ebullition be fully explained : 
bu^ as that explanation would not have been intelligible without a portion of the preceding 
notions, we have been compelled to give them first 

Everybody knows what takes place when we heat, daring a sufficient length of time, a vessel 
containing water in free conmiunication with the atmosphere. At first, a vapour is seen to rise 
that seems to emanate from the surface of the liquid, getting more and more intense as the water 
becomes warmer. Then a tremor of the surface is product accompanied by a peculiar noise 
which has been called the singing of the liquid ; and finally bubbles, similar to air-bubbles, form 
in that part of the vessel that is nearest to the fire, then rise to the surface, where they burst. 

S'ving forth fresh vapour. Those bubbles are nothing else than certain molecules of the liquid 
ling transformed into steam, and which, meeting with an equal pressure on all sides, from the 
water itself and from the atmosphere, offers an equal resistance in return, and so assume the 
spherical form in which they are seen to ascend. 

Now, an immediate consequence may be drawn from the simple observation of this fact, which 
is, that the pressure of the steam, in order that it may form these bubbles, must be greater than 
that of the liquid mass and of the atmosphere acting upon its surface. Consequently, if that 
pressure, which we will designate as that of ebullition, corresponds to an ascertained fixed 
temperature, it is evident that—the atmospheric pressure remaining unchanged — the liquid must 
always reach that temperature before the ebuUition can manifest iti^lf. 

ThBiy in fact, is rigidly what takes place. Every time that water boils in the open air, ito 
temperature is always the same with a uniform barometrical pressure. If it has been found that 
water at 100 degrees centigrade generates steam under the atmospheric pressure, it is simply 
because we have chosen to mark the hundredth degree of the centigrade thermometer under a 
barometrical pressure of 76 centimetres of mercury. 

The ebuUition of a lii^uid can, therefore, only take place so long as the steam it is capable of 
emitting balances the umted pressures of the ambient medium wherein it is situated, and of ite 
own mass or load above the surface heated. 

This definition of the phenomenon suffices to show that the degree of temperature at which 
the ebullition of a liquid may be produced is variable, and changes according to the pressure 
of the medium, since vaporization tekes place at any degree. If a perfect vacuum could be 
established, and water at the freezing-point placed in it, it would immediately begin to boil ; but, 
in practice, it is never perfect, so tlmt ebullition only takes place at a few degrees above zero. 
On the summit of Mont Blanc, where the atmospheric pressure is reduced from 760 millimetres 
to about 417, measuring by the barometer from the level of the sea, water would begin to boil 
at the temperature of 84 degrees, at which, as we have shown in one of the foregoing Tables, 
page 415, tne elastic force of steam is equal to 414 millimetres, or a little more than half the 
pressure of an atmosphere. 

Finally, the greater the pressure to which water is subjected, the greater is ite heat when 
boiling, and vice versa ; that is why the temperature of boiling water is higher in a valley than on 
a mountein. Let us add, by way of corollary, that, the conditions being similar, the expansive 
force of the steam of all liquids is equal at the moment of ebullition. This is an axiom, since the 
very hd of the ebullition sufficiently testifies that the elastic force of the steam has become equal 
to that of the medium in which it has formed. 

Fixity of the Temperature at BoUing-point. — At whatsoever temperature ebullition mav be pro- 
duced, so long as it continues that temperature remains unchanged ; in other words, the liquid 
ceases to become heated the instent it begins to boil, always provided t)iat the pressure of the 
medium undergoes no alteration. This fact is easily explained if we reflect that, as the liquid 
has acquired a temperature at which it can no longer subsist without change of stete, all fresh 
quantities of calonc supplied are absorbed by the formation of steam. Therefore, under the 
ordinary conditions in which we boil water, it acquires, when pure, a temperature of 100 degrees, 
and retains it without variation. In reality, it would only reach that temperature on a level with 
the sea ; but in most European towns, which are necessarily higher, it does not exceed 99*8 degrees. 
This difference is unimportant with regard to the point under consideration. 

In order to increase the temperature, it would oe necessary to create an ariificial atmosphere 
of proportionally greater pressure than the ambient one, which is precisely what is obteined, in 
the case of steam-engines, by hermetically closing the vessel that conteins the liquid. The steam 
that is disengaged then becomes compressed, and prevente the generation of further quantities 
except under a higher temperature. Tliat is what took place in the experimento made by 
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MM. Aiago and Dulong to which we have previously alluded. We may add that, if the TesBal in 
which the water is vaporized remains closed, without any expenditure of steam, the ebullition 
cannot even be effeoteo, as the pressure, increasing every moment, prevents the formation of the 
bubbles. 

Fapin'a Sauoepcm. — ^To obtain an experimental demonstration of this phenomenon, the apparatus 
known by the name of PapirCs Saucepan, after its inventor, may be used. That apparatus consists 
simply of a vessel A, Fig. 853, made of metal, and having very 
great power of resistance. - It is perfectly closed, with the exoep- 
tion of a small hole in tiie lid, fitted with a valve which a lever B, 
disposed like a Roman balance, keeps securely in its place. This 
arrangement is well known, being none other than that of the 
actual safety-valve, which is composed of the lever whose pres- 
sure is exerted upon the valve a, situated between its articulated 
attachment and the weight G at its other extremity. The valve, 
therefore, can only rise out of its place by overcoming the resist- 
ance opposed by the lever in virtue of its load and the ratio of 
the two arms. 

The lid of the vessel A is also very firmly secured by means 
of a fastening B, bent in the form of an arc, and supplied with 
a pressure-screw, bv the aid of which the lid is made to press 
hermetically upon the edge of the vase, care having been taken 
to insert between the two a round of soft metal for that purpose. 

The apparatus being thus constructed so as to resist a strong 
internal pressure, it is filled to about one-third of its capacity 
with water, and placed over a fire after being carefully dosed. 
Gradually the temperature of the water begins to increase ; but, 
as the steam that forms is unable to escape, except upon the con- 
dition that its pressure is capable of opening the valve, it becomes compressed, and soon the ebul- 
lition is unable to proceed. 

If, at the moment when the internal pressure appears to reach that point where it is likely to 
raise the valve, the latter be opened, or a cock attached to the lid be suddenly turned on, the 
ebullition immediately manifests itself, and the steam escapes with impetuosity in the form of a 
jet which may reach a height of eight or ten metres, according to the amount of pressure within 
the vessel. The liquid cools to 100 degrees, and soon the whole of it goes off in steam, provided 
that the action of the fire be continued sufficiently long, and that the valve or cock be left open. 

The pressures to which the steam may reach imder this condition are very oonsiderable, and 
depend, moreover, upon the weight wherewith the valve is loaded. 

Without anticipating upon the details that will be given later touching this important 
apparatus, we may at once make a few remarks as 
to the conditions that have to be fulfilled in order 
that it may meet a given pressure. 

Fig. 854 shows the arrangement of the safety- 
valve, where we will call B uie distance from the 
centre of articulation to the centre of the weight, or 
the long arm of the lever ; 6, the distance from the 
same point to the centre of the valve, or the short 
arm of the lever ; d, the diameter of the orifice closed 
by the valve : j?, the intensity of the weight sus- 
pended from ihe lever ; P, the total upward pressure 
exerted bv the steam upon the valve over a circular 
surface whose diameter is d. 

We first of all find, by the arrangement of the lever, and in aooordanoe with its general pro- 

perties, that the downward pressure P' which it exerts upon the valve is equal to P' = p x -r- , 



Bupposine, for the moment, the lever itself to be without weight. 

In order that the valve may be kept in its place until the given pressure has been attained, it 
is necessary that the efibrta P' and JP be equal. But the efibrt P is always easily known, for it 
results from the said pressure and the diameter of the oii^ce d, whose area may be calculated. 

Consequently, the operation resolves itself into finding the effort P, by means of the conditions 
laid down, and substituting it for P' in the preceding equation, which will enable us to calculate 
one of the three dimensions p, B, or 6, the two others being fixed a priori. 

Example. — Be it required to find the conditions of a valve having to bear a pressure of 
20 atmospheres. 

Let us suppose the diameter d of the orifice to be equal to 1 centimetre. 
„ „ long arm B of the lever „ 30 

„ „ short arm d of the lever „ 2 

what will be the intensity of the weight ? 

A pressure of 20 atmospheres represents an effort equal to U'0333 x 20 = 20^*666 for every 
centimetre square: consequently, the diameter of the valve being 1 centimetre, the pressure 
exerted upon it will be equal to the product of the corresponding section, in square centimltres, by 
the above pressure, from which pressure we must deduct that necessarily exerted downwards by 
the external atmosphere, and which is equal to 1. 

We therefore have for the effective effort P, 

P = (20 - 1) 1*0833 X 0-7854 x 1« = 15'42kilQgiamroes, 
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• From this it results that adapting the preoeding relation with p f<Mr the nnknown quaiitity, we 

6 2 

shall have for its value, p = F or P :5- = 15^*42 x -rr- = 1'028 kilogramme. 

In oonolusioQ, it will be observed that the displsoement of the weight upon the lever would be 
sufficient to alter the oonditions of the problem, and consequently the result, since the arms of the 
lever would no longer bear the same ratio to one another. 

The valve, then^ is the only cause that limits the pressure which the steam may acquire in the 
experiment of Papin's saucepan ; apart, of course, from the capability of resistance of the vessel 
itself. By this method pressures of 40 and even 50 atmospheres have been obtained, that is to 

Sr, steam exerting the enormous effort o£ 50 Idlogranmies on the square centimetre, or 500,000 
cgrammes on the square mi^tre. 

Infiwnce of Stibstances in Dtaaoiution upon the Temperature of the Boiling-point. — ^Among the several 
causes that intervene sometimes to modify by a few degrees the ebullition of water, the pressure of 
the medium remaining the sameu we may cite salts and other substances in dissolution, which 
retard the boiling-point to a certain extent, according to the degree of saturation. Thus, water 
saturated with sesrsalt is hotter at the moment of ebullition than when it is pure, or even when it 
contains merely bodies in suspension that are not chemi(»Jly combined with it. 

Considered ttom the purely practical point of view that occupies us at present, this phenomenon 
has, however, no very great importance ; since, supposing the saturation to be complete, which is 
rarelv the case with water used for steam-engines, the temperature of the boiling-poiat is increased 
only by 9 degrees. Muine engines, and certain permanent engines situated near the sea, are fed, 
however, from its waters, which contain salt in liurge proportions. But, in this case, the principal 
objection is not the alteration of temperaturo, but the danger of explosion from the deposits that 
would form were the generator not kept constantly clean. 

Method of Vaporizing a Liquid that contains Foreign Matter, — ^When a liquid containing foreign 
matter, in a state of mixture, but without chemical combination, is subjected to heat, the vapori- 
zation takes place in succession for each of the substances forming the mixture, and in the order 
of temperature that corresponds with its respective boiling-point. 

If, for instance, we expose water contaimng substances more volatile than itself to the action of 
heat, those substances wUl be liberated first, while the mass of the liquid remains at the tempe- 
rature that suits their ebullition ; then, when they have disappeared, the temperature of the water 
will begin to rise till it reaches the boiling-point. 

In the opposite case, where the substances are less volatile than water, the latter vaporizes fixst, 
at the temperature suited to its ebullition, under reserve of the slight modification that may result 
from the mixture or the diaBolution, as above mentioned. 

• This fact will be very easily understood by observing that so soon as the liquid mass has 
acquired the temperature necessary for the ebullition of the most volatile of the liquids composing 
the mixture, in order that the latter may be vaporized, it absorbs all the fresh quantities of heat 
supplied, and which are thus prevented co-operating in elevating the temperature of the entire 

Therefore is it that vaporized water is considered pure, whatever may have been the foreign 
matter held in solution, since this last either has or wiU disappear, but never at the same time as 
the water. 

Such are at least the practical conditions we have to take into consideration regarding the 
subject that occupies our present attention. Steam-engines present constant examples of the prin- 
ciple whereby water is isolated, by vaporization, from the substances mixed with it or held in 
solution. Everybody, indeed, is aware of the fact of the incrustation of steam-boilers by the sedi- 
mentary deposits resulting from the continued abandonment by the water, as it vaporizes, of the 
various calcareous and saline substances which it contains in different proportions. The feeding 
of boilers with sea- water gives rise to considerable deposits of sea-ealt, separated from the water at 
the moment of vaporization. This is what gives rise to those repeated cfeansings so indispensable 
for the avoidance of accidents. 

Condensation of ^itfom.— What is called the condensation of steam is its return to the liquid 
state. We have already seen that a slight compression beyond its maxiTnum of elastic force is suffi- 
cient to restore it to that state, either in part or in totality, according as the compression Ib 
momentary, or continued until the volume of fluid is reduced to that which it occupi^ when in 
the liquid form ; of course, without any addition of heat. But in engines, it is not after this 
fashion, which is in reality the liquefaction of steam, that its destruction is effected. 

Condensation consists in coding the steam by means of a certain Quantity of cold water that 
takes up the heat that maintained it in the condition of an elastic fluid, yielding as result an 
amount of warm water, the steam from which has an elastic force very considerably less than 
that which has been oestroyed, and may be rendered as feeble as can be desired, socording to 
the volume and temperature of the cold water added. 

This property of condensation is of the highest importance, since it enables us to get rid, almost 
instantaneously, of the potent fluid that has just produced an effect, but would afterwaids neu- 
tralize it if allowed to retain its expansive properties. The only thing needed to render atmospheric 
air and other gases motive agents susceptible of replacing steam with advantage, is the capability 
of essy condensation, since uiey exist naturally in the state of elastic fluids under the ordinary 
temperature. 

It will be shown shortiy how powerful engines have been constructed, with the atmospheric 
pressure for motive agent, and using steam as an auxiliary power, but one possessing the valuable 
property of being destroyed, leaving a vacuum wherein the surrounding atmosphere can act with 
Irreiustible force. 

Absorption, — ^We will conclude this outline of the phenomenon of condensation by citing an 
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eiperiment known to phjaicista under the name of (Aaorptlon, derigued, in the flrat plaoe, to 
demonatratB the fucnlty we pOHseaa of oreatbg a vacuum by meana of the condensation of ateem ; 
and, in ihe next, to caution us BKainat the aocidentu tbat may reratt from tbat Bclfeame property. 

In cbemi<}iLl experiments, aoi in many industrial openitioas, an apparatus ia used analogous in 
arransement to that represented io Fig. S55. This arrangement oansista of a doaed recelTer A, 
placed over a furnace B, anil containing a liquid 
that has to boil ; then a pipe D that starta from 
the receiver and, deecending, plun^eu into a 
vcKsel C, eontaining eome cold liquid, euch as 
wator, tiuDugh which the steam disengaged from 
the receiver A has to pass. 

As aoon as ever the ebullition oommencee, the 
steain that ia genaratod expeh, by degrees, the 
air contained m the apparatua, and forces it to 
eacape by the pipe D, driving the li:(uid before 
it, whose level is neceaaarily the same m the tube 
and in the vessel ; and finally passes through the 
tnbe itself, rising, in tho form of bubbles, through 
the water oontained in the open vessel. The air 
being completely eipelleJ, the apparatus is now 
filled with steam only. ThiogB being in this state, 
if we eitinguiah the Are and continue to keep 
a free communication between the two veBscls ^ 
through the pi]ie D, the steam will gradually ' 
cool, losing a portion of its plastic force. But, as 

that elastic force was the only thing that balanced the atmospheric pressure plus that of the height 
of the wator in the vessel C, the excess of that external pressure begins to manifest itself by the 
rising of the water in the pipe D. As the cooling goes on, the pressure of the steam cantinaee to 
diminish and the water to ascend in the tube till it reaches the top and finally penetrates the body 
of steam still remaining in the boiler A. At this juncture the whole of the steam ia soon com- 
pletely destroyed and a vacuum is created, that is to say, an absence of all eipanatble Quid. We 
then see the water continue rising, but this time with impetuosity, until the entire apparatus is 
filled, if the water in the vessel C be sufficient for the pm^xise. 

This efibct, so simple to understand, is produced every time that a capacity containing ateam 
is placed in communication with a reservoir of liquid with a sufficient pressure, and that the ateom 
is destroyed by condensation— on condition, however, tbat the pressore of the column of water in 
the tube, if full, exceed not tbat supported by the liquid in the open vessel. In the foregoing' 
eiperiment it is certain that if the distance between the level of the water in the vase C and the 
horizontal portion of the pipe D had exceeded, vertically, ten mi^tres, the water in the 
could never have entered the boiler, and the vacuum would have remained. 

Therefore, if absorption is a thing to be feared, a vacuum is not lees so, aince the atmospherio 
pressure, that has the power of raiaing the water from the lower to the upper reservoir, may like- 
wise burst in the latter, if it be exhausted and have not sufficient strength of resistance. When- 
ever there ia danger of such an accident occurring, it is remedied by means of a small valve, 
opening inwards, which allows the air to re-enter the apparatus. To prevent absorption, a cock E 
may be employed, which should be closed before the condensation of the steam. 

We see, then, that the condensation of steam is the means of creating a vacuum and raising 
almost any volume of liquid to a height corresponding to the atmoapherio pressure, and which 
varies according to the density of tha liquid used. Effectually, what we have been signalizing as 
accidents, constitute, in many cases, most valuable resources in their practical application. 

Cnhnjjc Acliaa ia the Formation of Steam. — Caloric, or heat, ia the chief agent, or, to expreai 
oursclvea more appropriately, the sola apparent cause of the phenomena of dilatation and the 
change of state that CNMlies undergo; for, by penetrating the mass of constitutive molecules, it 
compels them te separate, and widens the interstices that seem naturally to exist between them. 
This external fact might be defined by saying that heat repulses the molecules of a body from each 
other in order te make room for itself, and establiah an equilibrium between ita'own intensity and 
that of the medium or space oceapied by the mass of the body ; and that the result of this inter- 
vention ia an effort of repulsion equal and opposed to the coD(eive foice of the molecules them- 

We conclude, from this definition as well as bom the observed fact, that the grcaterthe amount 
of heat BO much greater is the efiTect of repulsion. Finally, this diatenaion of the molecules by an 

esaive quantity of heat, after producing simple expansion or augmentation of volume, results in 

liangD of state ; that ia to say, that from solid a body becomes liquid, and &om liquid it passes 
into the gaseoua state or ateum. 

It must not, however, bo supposed, because thia second cbauKe, as legaids Uqnids, takes plaee 
in vacuum without any apparent intervention of heat, that that intervention is wanting. It would 
be an error. The action of calorie is quite as real as in any other mode of forming steam ; and, as 
we have already remarked, the only r^ult of a vacuum is to give rise instantaneously to what 
would have taken place but slowly in the open air. Tho atmospheric pressure is simply an effort 
to be overcome by larger quantities of heat in order to create steam beneath ita influence. As to 
the heat necessary to produce the phenomenon in a barometer, it ia taken from the liqnid mass and 
fi'om the inatrument itself, instead of being supplied by fire. 

There is, therefore, no exception as regaida the formation of steam. Whatever method we 
make use of in order to produce it, caloric always intervenes, and with the same intensity, when 
the tensions are the same. 
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We only repeat here what has already been fully demonstrated in the preceding sectiona. We 
now pass on to the 
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which it is applied. For, the action of expansion being the same in all cases, such gases could be 
employed as motive' force just as well as steam were it equally possible to increase or lessen their 
pressure without expenditure of mechanical force. 

It is true that engines have been constructed worked by atmospheric air heated ; such a pror 
cess is quite practicable ; but, besides the (question of economy, it is much more difficult to deprive 
air of its heat after doing its work than it is to destroy steam by condensation. So that, up to the 
present, the latter remains master of the field. We shall now endeavour, therefore, to expkin the 
mechanical properties of steam, as applied to motion, observing, at the same time, that the iden- 
tical reasoning holds good in the case of anv permanent gas. 

Work Done with Fuil Prfssure, — It has been seen that, when steam is let off from a receiver or 
reservoir of any kind, it escapes with an energy the intensity of which depends upon its own 
tension and that of the medium in which the flow takes place. The escape is, indeed, the conse- 
quence of the pressure exerted by the steam upon all points of the receiver containing it, and 
particularly upon the parts surrounding the orifice. 

In order to transform this property into motive labour^ let us suppose the following experiment : 

A vesseL A, Fig. 856, full of steam that can be continuously renewed with a tension greater 
than that of the ambient medium, is furnished with a vertical tube B of indefinite length. The 
latter contains a column of meroury resting upon a small piston a, while a stop-oock 
G enables the communication between it and the reservoir to be cut oft*. 

When the stop-cock is closed, the column of meroury and its piston or diaphragm' 
are at the lower end of the tube, and rest upon the cock ; but, if we come to open 
this last, the pressure of the steam will exert itself beneath the meroury and en- 
deavour to raise it in order to make its escape. The result of this action will be 
different, however, according to the reciprocal situation of the elements. 

In the first place, if the column of meroury. together with the external pressure 
which it has to bear, be equal or superior to tne pressure exerted by the steam at 
its base, the column of meroury will remain stationary, and there wUl be no escape 
of steam ; the merourial column fully representing the resistance opposed to the 
expansion of the steam by the sides of the vessel. 

But if the pressure of the steam be the greater of the two, the column of mer- 
eary will rise in the tube with an acceleration uniformly increasing till it becomes 
equal to that of the steam, beyond which it evidently cannot go. 

Gonsequently, by choosing this point of uniform velocity, we have not only the 
representation, but the actual measurement of a certain mechanical work per- 
formed, for we have a weight — that of the column of meroury — raised and moving 
with a fixed velocity in a unity of time. Thus the simple pressure of the steam 
is transformed into a real dynamical effect. Now it is not at all necessary to sup- 
pose that the steam has acquired the full velocity due to its tension, for it may 
raise the weight with a uniform velocity as slow as can possiblv be imagined. To 
conceive this, let us examine what would occur in the case under consideration. 

In the first place, the column of meroury, being inferior in weight to the pres- 
sure of the steam, will rise with an increasing acceleration, whose more or less 
rapid prog^ression will depend upon the greater or less excess of the power over 
the resistsmce. 

But, if we re-establish the equilibrium at any given point of that progression by the addition 
of a small quantity of meroury, the acceleration will cease, and the velocity will preserve the 
uniform value it had at the moment of that re-establishment. 

From this observation we may say, as in the case of hydreulic motors, that 

In an engine, whose motion ia uniform, the moving forces and the resistances are in perfect 
equiltbrium. 

The same experiment shows, likewiseL the excess of force expended to overcome the inertia of 
a body, and miike it acquire a uniform velocity in a given time. 

To sum up the fore^ing definition, the work done by steam is also measured by a weight, in 
kilogrammes, moving in a straight line at the rate of a certain uniform velocity, exprcMed in 
miHres, in a second of time. 

The above experiment furnishes us, then, with the exact terms of the problem, wherein the 
weight of meroury raised, plus the ambient pressure it supports, represents the resistance over- 
come, and which must be equal to the pressure of the steam at the base of the column at the 
moment Uiat uniform velocity takes place. 

Therefore, if that column weighs, atmospheric pressure included, 2 kilogrammes, for instance, 
with an area at the base equal to 1 centimetre, the tension of the steam will have to acquire a 
similar value for every square centimetre, or, at an approximation, a pressure of aoout 2 
atmospheres. 

If the velocitv, remaining uniform, were equal to 1 m^tre in everv second of time, the labour 
expended would be 2 kilogrammetres. The useful work would be half that quantity, because we 
suppose the atmospheric pressure to form half the resistance. 

Not only is the work done by the effort exerted by steam assimilative to the simple displace- 
ment of a weight, but the quantities of steam to be expended may also be measured by the 
amount of work of which they are capable. In the preceding experiment it is clear that for 
every mutre which the resistance has been made to travel, a fresh volume of steam, measured by 
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the section of the tube and that distance, has had to be supplied by the reservoir. Consequently, 
the Yolumes of steam expended are exactly proportional to the work done, which itself is expressea 
by the distance and the intensity of the weight raised, while this latter, again, is represented by 
the inferior section of the tube and the pressure of the steam thereon. But, on the other hand, as 
the pressure depends upon the tension of the steam and the area of the section, we conclude that 
the Yolume of steam expended to do a giYon work is inversely proportional to the figure of its 
unity of effective tension. 

Finally, 1 kilogramin^tre being the product of 1 kilogramme by 1 m^tre, corresponds to an 
expenditure of steam, with an effective tension of 1 atmosphere, equal to a column 1 m^re in 
height by 1 centimetre square at the base, barring a fraction: or 0*1 litre. If the effective 
tension were double, the volume would be one-half less, and so on. 

Consequently, the expression for calculating the dynamical unity of volume of steam may be 
written thus: 0*1 A k 

^" l^OSSSP ~ 10>^0333P* 

wherein Y represents, in litres, the volume of steam expended ; 

k „ the quantity of work, expressed in kilogramm^tres ; 

P „ the effective pressure of the steam, that is to say, its excess over that of the 

medium opposed as resistance, knowing that 1 atmosphere corresponds to an exact pressure of 
1 * 0333 kilogramme on the square centimetre. 

Example. — ^What volume of steam would have to be expended in one second in order to 
produce 1000 kilognunmetres of work, its effective pressure being equal to 3 atmospheres ? 
Solution.— We find 

V = ,^J^ ^ = 32-259 Utres. 
10»"383 X 3 

It is evidently the same with this value as with that which corresponded to the quantity of 
steam generated for every kilogramme of fuel ; it is the theoretical value, or that which answers to 
the real useful effect ; but in practice it varies very much, as we shall see presently, independently^ 
even of the method of using steam with expansion. It serves, however, as a general starting- 
point, which we must not lose sight of. 

To show that this result is in conformity with the disposition of the Table that will be seen 
further on, .we will ascertain in a direct manner what amount of work a given volume of steam 
with a known pressure is able to produce. 

By adopting the cubic metre for unity, it will suffice us to suppose that the base of the tube, in 
the preceding experiment, has an area of 1 square metre ; this will give 1 cubic metre of steam 
generated for every metre of distance travelled by the resistance. But, as this latter is always in 
equilibrium with the pressure of the steam, the weight raised will be pi^cisely equal to the tension 
of the steam multiplied by the base. We shall therefore have 10333 kilogrammes for each atmo- 
sphere of pressure, multiplied by 1 metre ; that is, 10333 kilogrammetres as the theoretical work, 
developed by 1 cubic metre of steam for every atmosphere of effective pressure. 

We must once more observe that this result supposes, as a matter of course, that the initial 

Sressure of the steam remains unaltered during the whole of the time that the work is being 
one ; which is not the case when it is used with expansion, as we shall endeavour presently to 
explain. 

Work Developed by Expansion. — From the physical properties recognized in vapours and gases 
in general, from the beg^ning, it may readily be imagined what takes place when any space, 
filled with a definite volume of steam, is enlarged. The said steam, by virtue of its unlimited 
power of expansion, which makes it tend constantly to augment its dimensions, continues filling 
the capacity it occupied, in spite of the extension of the latter, and exerting against the sides of 
the vessel a pressure that diminishes in the inverse ratio of tiie successive volumes it is made to 
assume. 

This property, the effect of which is entirely analogous to the unbending of a spring that has 
been compressed and then suddenly allowed to go, is characterized in practice as the expansion of 
tteam ; and this designation is reserved for engines where steam is used upon that principle. 

To convey a general idea of the use of steam with expansion, we need only revert to the 
experiment last dted, and suppose that the uniform velocity having been obtained, the stop-cock 
C, Fig. 856, is completely closed, so as to prevent the reservoir furnishing any fresh quantities of 
steam. That velocity will then be limited to the volume confined in the tube between the stop- 
cock and the base oi the column of mercury raised ; if the resistance remained fixed, the motion 
would be continued for a few moments by virtue of the acquired velocity, but with a uniformly 
retarded movement, till it became extinct, when the column of mercury would immediately fall, 
reducing the volume of steam to that which it occupied at the time that the stop-cock was closed. 

But, if it were possible gradually to diminish the weight of the mercurial column in the same 
ratio as the pressure of the steam, which lessens as the space it occupies enlarges, the uniform 
ascending motion would be maintained, and the steam would still yield work through the agency 
of its expansive power, weaker and weaker, it is true, but which — were it not for the limit marked 
by the external resistance of the ambient medium, to which the force of the steam must be superior 
in order to produce an effect — ^might be indefinite. 

Consequently, over and above the work developed by the free fiow of steam from the reservoir, 
and estimated in the manner already indicated, there is yet a further amount of labour capable of 
being produced without any extra expenditure of steam ; it is, in (act, certain that, in order to 
draw the greatest possible profit from steam, it should not be relinquished until ito pressure has 
become so weak as to be almost unfit for any useful work. 

There now remains to be calculated what are the total quantities of work developed under these 



o M MMQ as we hftve nid a few wonb tanDhii^ the law di«- 

. . . ., .--,--, , lo l»w of Msriotte, to wbioh we have hitherto emiy alluded. 

Mariott^i Late. — When a defluile TolmnS of any permajieiit ga« is mbjeoted to different 
prewures, it ia leadily perceptible that it diminiaheB lu volume aa the preagnre iDcreate*, and, 
redprocallf, that the fonnei augments aa the latter decreases. 

Apart from thin flnt result, which is erideot and palpable, it hai been aioertained that, the 
temperstnree being eqoal, the volatnea occupied are in a striking manner invenel^ proportional 
to the pressurea exerted ; whence we alu naturally dednoe that the densitiea are directly propor- 
tional to these same presanres. 

This important phyiical law bears the name of the Abbot Mariotte, a French physicist. Boyle 
was the first to emtnoiale it. It has siaoe been verified by the most competent men, snoh as Aiago 
and DutoDg, Faraday, Fonillet, Begnault, and others. Those illustrioiu savants found that 
Boyle's law suffered some slight variations with certain gaaee and under consldenible preoaurea : 
the differences that have been observed by the aid of very delioato oper»tiolis ore not, however, 
of a nature to disturb the ordinary practical reenlts. We shall therefore admit this law, purely 
sjtd limply, in order to study the effMts of ateejn in the phenomenon of expansion, where It presents 
itself as a permanent gas oconpying snccosdvely different volumes. 

Before approaching this subject, let ns som up the law by its namerioal repreaentatioti and by 
an example. 

If we designate by F, the pressure of a gas, or the expretdon t£ its elaatlo fbne for the unity 
of surface; 
V, its corresponding volnme; 
d, its density ; 
sjid bv I", V, and iT, thesame propertiea underother conditions ; 
we saj P: P';: V; V; in other words, (A* preoures an in tlu invertt raUa of the volumei. 

We next find rf : <f : : F : ?• or rf : if : : V : V, that is to say. 

Tin deruitiet art directly proportiimiJ to the presimrei, or intierieig proportional to the vot»mei. 

Euunple. — If we reduce by ^^ the volame V = 1 cubic m&tre of a gaa, whose pressure P = 0'80 
inUre of mercury, and whose density d = 0*0012, what will be the pressure and denait; P* and (f 
under the new Tolmne V? 

Solution.— The above relations supply the fallowing : 

F X V dx V 

r = i-^;andrf' = ^. 

Bat, according to the data, the value of the fresh volnme is 



From this valne we deduce the following onea for the pressure and density: 
00012 X 1"- „ 



- = l"'00of meroury; and if = — 
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understood, Beaides, the two foregoing p_., , , _.. . _ . .... 

might be proposed. We must only remind our readers that, in order that ita application may be 
correct, it is necessary that the gas subjected to the change of volume shall retain its primitive 
temperature, otherwise effects of dilatation or contraction are produced that inSaenoe and modify 
Individually the result, which is supposed to be due solely to the alteration of volume. 

Caici^tion of the Tiitai Work done by the Expamion of ^Icom.— Since the amount of work done U 
always eipreHaed by the pnjduct of the pressure exert«d and the diiitance travelled by the reaist- 
ance in the unity of time, balancing that pressure, any qnontitv of work may then be graphically 
represented by a snrfBoe that can siso be measured by the product of two niuubera. GfTectually, 
let ns suppose a certain effort, expcMncd in kilogrammee, to be represented upon any given scale by 
a right Ime A B, Fig. 657, the divisions upon which indicate precisely to 
many kilogrammes ; and that the distance travelled by the resistance in "'' 

the unity of time, and under the influence of that effbrt, be represented by ]1 
a horizontal liue A D, whose divisions are so many mtbet or fractions of - 
mfeties : it is clear that, by completing the rectangle A B C D, ita cnrface ~ 
will be the actual meAsuremeut of \hi work, sinte it is the product of the I 
units in A B by tboee in A D. 

For instance, let A B meamre B centimetres and represent 8 kilo- Q 
grammee, while A D, measuring 10 centiml'tres, repreeents 10 metres of dis- 
tance travelled in the unit of tune, say 1 second,' the amount of work, measured as usual, will be 
8 X 10 = 80 kik^rammetrea. 

But the surface of the rectangle, estimated, in like manner, by the product of its sides, gives 
also 80; so that each small rectangle formed by the interseution of the divisional lines represents 
1 kUogrammbtre. 

This fact, very easy of comprehension, being once proved, let us suppose that during tho 
journey the effbrt varies, though the velocity still remains nniform. It will then happen that the 
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the baae, if the Tariation in the resistanoe follows a certain regular law. We should thus obtain 
one of the three tracings indicated in the subjoined Fig. 858. 

The total amount of work developed for each distance travelled A D, multiplied bv the variable 
reslBtance, will, however, be none the less accurately represented by the surface of each figure. For 
such surfaces may be divided into sufficiently 
small parts, such as abed, in the direction of 
the distance travelled, for them to be consi- 
dered as so many rectangles or portions of work 
generated by a particular effort which remains 
fixed during the corresponding time. The sur- 
face, then, of every one of tiiose elementary 
parts will represent the amount of work an- 
swering to it ; and as the sum of those parts 
is equivalent to the entire surface of the figure, 
it naturally follows that this last represento the total amount of work don^. 

By knowing, then, the law of variation by- which an effort is governed during the accomplish- 
ment of a certain labour, it will always be easy to reckon the total quantity of work developed, 
since the only thing required is to make a graphic representation thereof and to measure the 
surface of the figure thus obtained, according to units previously agreed upon as representatives 
of the efforts and the distance travelled. 

The amount of work accomplished by steam during its expansion falls precisely within the 
conditions we have just examined. It is a decrescent effort exerted to overcome a resistance which 
is supposed to diminish in the same ratio in order that uniform velocity may be preserved. As to 
its law of decrescence, it is admitted that it follows that established by Boyle, as we have 
already stated, always supposing that the temperature of the steam remains unaltered during the 
period of expansion. 

Let us endeavour, from this, to bring together these principles so as to find the value of the 
work that would be developed by a determinate volume of steam producing, at first, an amount 
of labour at fulT pressure and which can be measured as we have previously shown, and then 
expanding to a given limit. 

By referring back to the experiment, page 424, which was admitted, we were enabled to 
ascertain the effect produced by a cubic metre of steam acting with its full initial pressure, and 
we found that the work thus done was equal to 10383 kilogrammetres for every cubic metre and 
for every atmosphere of effective pressure. Moreover, if the distance travelled be equal to 1 m^tre, 
the corresponding pressure will be 10333 kilogrammes. If, now, this work being accomplished, 
no further steam oe supplied, that already introduced and now isolated from its source will occupy 
gradually-increasing volumes, whence itis pressure will successively diminish according to the 
same decrescent progression as that indicated by Boyle*s law. The base of the receiver where 
the expansion takes place remaining the same, and the volume of steam, therefore, only lengthening^ 
the decrescence wUl apply itself directly to ^e initial pressure of 10333 kilogrammes. 

Let us, consequently, make a grapmc representation of the work done at full pressure in the 
first place by a rectangle A B G D, Fig. 859, of which A B represents the initial pressure 10333^ 
and AD the distance travelled during the perform- 
ance of the work ; then, having extended the base of 
the rectangle, let us draw lines parallel to A B from | 
each of the points indicating the successive distances 
run from the moment that the steam was cut off. 
The value of every one of those vertical lines must 
be that of the pressure aoouired at the end of the 
corresponding distances ; and as these are exactly pro- 
portional to the successive volumes of the steam, and 
as the pressure ac(}uired by the latter at every in- 
crease of volume is m the inverse ratio of the propor- 
tion which the last volume bears to the first, it mil be 
easy to determine each fresh acquisition of pressure. At any rate, we get, from the preceding 
proportion, P : F :: V : V, the following, CD or AB : Ciy :: AD' : AD. 

In other terms, if, for ixistance, each division of distance travelled or augmentation of volume 

be ^ of the primitive one A D, we shall haVe as the successive values of the ordinates similar 

to (70, 

^_ 20 20 20 20 20 20 20 «„^^^„ 
C D X — I — I — I — » — 1 — t — I Ml** 80 on, 
21 ' 22 ' 23 ' 24 ' 25 ' 26 ' 27 ' 

because the consecutive volumes will be 

21, 22 23 24 25 26 27 ^^dsoon. 
20 20 20 20 20 20 20 

By uniting, then, the extremities of all the ordinates thus determined, we obtain the complete 
figure A B G £ F, whose surface will represent the total amount of work developed by the primitive 
volume of steam expanded, till it reaches the augmentation of volume indicated by the extension 
of the base A F of the figure, which may be continued to any required limit. 

If we perform this operation with steam at the unity of pressure, the expansion being the 
same,' the work found by squaring the figure will be proportional to any initial pressure which 
the steam may possess, because, when the expansion continues unaltered, the base A F is invariable 
and the heights are proportional to the pressures. But, if we take, as starting-point, a determinate 
volume of steam, it is clear that the result will likewise be in proportion thereto, because the base 
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A F iB proportioiial to the priniitive volume, and that, the heights being equal, the surface of the 
figure beoomee proportional to its base. 

Finally, we ascertain by this process the quantities of work that may be developed bv a 
cubic mfetre of steam at a pressure of 1 atmosphere with different degrees of expansion ; and when 
it is wanted to find the work corresponding to another volume and another pressure, it is only 
necessary to make the product of those different data by the value indicated for 1 cubic m^tre. 
The results thus obtained are completely satisfactory in practice. Only it is indispensable that 
the apparatus wherein the expansion takes place be so disposed that any external cooling may 
be avoided, otherwise there would ensue a condensation of the expanded steam that would render 
the application of Boyle's law incorrect. 

Poncelet, who was one of the first to make this theory known, has also calculated a Table 
giving the quadrature of the initial figure for different expcmsions, throughout a notable extent. 

We here reproduce that Table, to which we shall refer every time we have to calculate the 
conditions of an engine working with expansion. 



Tablb of 


THE Total QuANnriES 


OF WOBK DEVELOPED BY 1 CUBIC MSTBE 


OF Steam undeb 




DIFFBBBNT EXPANSIONS, AND WITH A PbBSSUBE OF 1 AtMOSPHJ&IUS. 




VolunM 


QiuuiUtyof 


YolosM 


Quantity of 


Yolmne 


Qnantltjof 


Volume 


Quantftjof 


after 


Work 


after 


Work 


after 


Work 


after 


Work 


Expuukm. 


Correspoodlng. 


EzpaneioD. 


Oorrespondlng. 


Espaoaion. 


Oorreapondlng. 


ExpaoidoD. 


Oyrreqwndlng. 


cm. 


kKm. 


' cm. 


kgm. 


cm. 


kgm. 


1 

cm. 


kgm. 


100 


10338 


1-35 


13434 


2-80 


20973 


5 


50 


27949 


101 


10436 


1-40 


13810 


2*90 


21335 


5 


60 


28135 


102 


10538 


1-45 


14173 


300 


21686 


5 


70 


28318 


103 


10639 


1-50 


14523 


310 


22024 


i 5- 


80 


28498 


104 


10739 


1-55 


14862 


3-20 


22353 


' 5- 


90 


28674 


105 


10837 


1-60 


15190 


3-30 


22671 


6 


00 


28848 


1-06 


10935 


1-65 


15508 


3-40 


22079 


6 


25 


29270 


107 


11032 


1-70 


15816 


3-50 


23279 


6 


60 


29675 


108 


11129 


1-75 


16116 


3-60 


23570 


1 G 


75 


30065 


109 


11224 


1-80 


16407 


3-70 


23853 


7" 


00 


30441 


110 


11318 


1-85 


16690 


3-80 


24128 


7 


25 


30804 


111 


11412 


1-90 


16966 


3-90 


24397 


7 


50 


31154 


112 


11504 


1-95 


17234 


400 


24658 


7 


75 


81493 


113 


11596 


200 


17496 


410 


24914 


8 


00 


31820 


114 


11687 


205 


17751 


4-20 


25163 


8 


25 


32139 


115 


11778 


210 


18000 


4*80 


25406 


8 


50 


82447 


116 


11867 


215 


18243 


4-40 


25643 


8 


'75 


32747 


117 


11956 


2-20 


18481 


4-50 


25875 


9 


■00 


33038 


118 


12044 


2-25 


18713 


4-60 


26103 


9 


25 


33321 


119 


12131 


2-30 


18940 


4-70 


26325 


9 


•50 


33597 


1-20 


12217 


2*35 


19162 


4-80 


26542 


9 


75 


33865 


1-21 


12303 


2-40 


19380 


4-90 


26755 


10 


•00 


34127 


1-22 


12388 


2-45 


19593 


500 


26964 


15 


•00 


88317 


1-23 


12472 


2-50 


19802 


5-10 


27169 


20 


•00 


41289 


1-24 


12556 


2-55 


20006 


5-20 


27369 


25 


00 


48595 


1-25 


12639 


2*60 


20207 


5-80 


27566 


50 


•00 


50758 


ISO 


13044 


2-70 


20597 


5-40 


27759 


10000 


57920 



Use of the preceding Table. — The first column of the above Table shows the successive volumes 
that a cubic metre of steam may assume by expansion under a pressure of 1 atmosphere, and the 
second the total (quantities of work corresponding thereto, developed before and during expansion. 
The Table exhibits, also, the great advantage of prolonged expansion. 

So that a cubic mbtre of steam that only develops 10333 kilogrammetres of work if used without 
expansion, produces 26964 kilogramm^tres when allowed to expand to five times its primitive 
volume, and ^127 when the expansioh is ten times that volume. Let us add that, in order to 
find the work corresponding to any particular volume and effective pressure, it is sufficient to form 
the product of those data by the number in the Table answering to the same expansion. For 
instance, if we want to know the amount of work done by 0<'"'*400 of steam at a pressure of 5 
atmospheres and an expansion of five times its volume, we have 

26964 X 0«">400 x 5 = 53928 kilogrammbtres. 

The preceding notions are sufficient to convey a practical knowledge of the conditions that 
determine the existence of the agent that animates the motors now under consideration. 

It was clearly necessary that we should first of all become acauainted with its physical pro- 
perties, that is to say, the laws that govern its simple formation, ana the natural phenomena which 
it presents, before even any application of it is made. The second point was to ascertain its 
mechanical power or the conversion of its mere physical pressure into work, characterized by a 
resistance overcome and a distance travelled. 

Having demonstrated this, there can be no difficulty in the way of understanding the descrip- 
tion and working of a steam-engine. 

The amount of work developed through the expansion of steam may be readily found, with 
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mathematioftl aoonraoy, by the following Bole, since the dual logarithm of any given number can be 
calculated without the use of tables in a few minutes. See Byrne's * Dual Arithmetio a New Art.' 

To Find vnth MathematuxU Accuracy the Elastic Force of Steam in Units of Work, i^tc/;.— Multiply 
the pressure at which the steam is admitted by the distance trayelled by the piston before the 
steam is cut off^ which product call (A). Divide the whole length of the stroke by the above- 
mentioned distance, and add 100000000 to the dual logarithm of the quotient ; call the sum (B). 
Then A multiplied by B gives the whole units of work when eight decimal pliMses are cast off for 
the dual logarithm. 

Suppose the pressure of the steam = 21 lbs., the length of stroke 12 ft., and the steam cut off 
at 4 ft. 

4x21 = 84; call (A). ^=8. Dual logarithm of 8* = 109861229, 

* 100000000, 

2 09861229, (B). 

A X B = 2-09861229 x 84 = 176-28343286, the exact area of the figure A B E F. Fig. 859. 
Hence, the rule gives 176*28 units of work done on each square inch of piston in a stroke. 

In practice the Indicator gives a very different figure: however, the nearer the Indicator- 
diagram approaches the true or mathematical' diagram, the more perfect is the working of the 
engine. 

Suppose the pressure of steam to be taken at 48 lbs. ; length of stroke = 5 ft., and the steam 
cut off at 2 ft. In this case 48 x 2 = 96, which call (A). * 

I = 2-5 dual logarithm of 2-5 = 91629073, 

100000000, 

1-91629073, (B). 

A X B = 1-916^9073 x 96 = 183-96391008, which is mathematically coirect. Therefore the 
rule gives 184 units of work on the square inch in a single stroke. 

Ques, — Steam of 42*35 lbs. pressure is admitted to the cylinder for 2*36 ft. of a stroke of 

10*45 ft., then being cut off acts expansively; how many units of work is done on 1 sq. in« 

of piston in a single stroke ? 

10*45 
42*35 X 2*36 = 99*946 (A). -^7^ = 4*428. Dual logarithm of which may be calculated 

in a few minutes. 

Dual logarithm of 4*428=: 148794803, 

100000000, 

2*48794803, (B). 

A X B = 99*946 X 2*48794803 = 248*66045380638. Eight decimals being allowed for the 
dual logarithm 2*48794803, 99*946 x 2*4879 = 2488*66 the units of work done on a square inch 
of piston in a stroke. 

Quee. — The length of the stroke in a oondensing-engine is 12*3 ft., the pressure of the steam 
43*7 lbs., and the steam cut off 3*7 ft. of the stroke, f^d the gross load upon each square inch, 
and the point at which the velocity of the piston is greatest? 

12*3 

-— - = 3*324327. 
3*7 

The dual logarithm of 3*324327 may be calculated in a minute or two; it is = 120126729, 
which, when divided by 10^, = 1*20126729. In the language of dual arithmetic, this operation is 
concisely expressed thus : / 12 - 3 \ 

^' ( 3^) 

— ^ '/ = 1-20126729. 
10" 

The amount of work on 1 sq. in. of piston in a single stroke = 

43*7 X 3*7 X 1*2013 + 43*7 X 3*7 = 43*7 X 3-7 X (2*2013) = 355*928197. 

. ,- 365*928197 «„ ^, ,^ 
Hence, the mean pressure on the square mch = — r^^^ — =28*94 lbs. 

Xa *«5 

It is evident that the velocitv is greatest at that point of the stroke where the expended steam 
attains the pressure of 28*94 lbs. Then, putting x for this point in the stroke, we have, by 
Boyle's law, 28*94 : 43*7 :: 3*7 : or .-. a; = 5*59. It is further evident that the length of the 
stroke, 12*3 divided by 2*20126729, gives the points x also. 

Ques, — The length of stroke = 9*76 ft., pressure of steam = 45*3 lbs., steam cut off at 2*5 ft. 
of the stroke, the itrea of the oiston = 4185*39 sq. in., the weight moved having the same motion 
as the piston = 72640 lbs. ; what will be the maximum velocity of the piston ? 

9-76 

—^ = 8*904. 
2*5 

The dual logarithm of 8*904 divided by 10^ = 1*37200166; then, according to what has been 

9*76 
shown in the last example, =4*115 ft., the length of stroke made when the velocity 

is greatest. The work of the steam up to this point, on the whole piston, = 

45*3 X 2-5 X (1-49834708) X 4185-39 X 72640. 
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4*115 
Since the dual logarithm of -Kz^f written j, (1*646) divided by 10> = -49834708, to which 

z*o 

1 is added. The units of work by the whole piston in a single stroke = 

45*8 X 2-5 (2*372) x 4185*39 = 1124317. 

For 2*372 = 1,(3*904) divided by 10" -fl. .*. Mean pressure on the square inch =^ 

45*3x2*5x2*372 „„ ^« ,, 
9^76 =27*52 lbs. 

But the work done npon the resistances up to the point (4 * 115) of the stroke where the Telocity is 
a maximmn = 4*115 x 27*52 x 4185*39 = 473974 units of work. .*. The accumulated work in 
the piston when the Yelodty is a maTJmum = 710210 — 473974 = 236236. Then, putting v for 

o* X 72610 
the maximum Telocity of the piston in feet a second, ^j- — = 236236 .*. o = 14*464 ft. 

Qu€9. — Taking the data of the last example, find the weight (W) of the mass moTed, supposed 
to be posited in a position to haTe the same motion as the piston when its mATimnm Telocity is 
5 ft. a second? 

W may be found from knowing that = 236236. .*. W = 639713 lbs. = 286 tons dearly. 

o4f 

Que8. — The length of the stroke in a condensing-engine = 10 ft., the pressure of the steam 
= SO lbs., the steam cut off at 2 ft. of the stroke, the area of the piston 4000 sq. in., and the 
weight of the mass moTcd haTing the same motion as the piston = 50000 lbs. ; what is the Telocity 
of the piston when 4 ft. of the stroke is made, supposing all the appliances to be prafect ? 

Total work on 1 sq. in. of the piston = 30 X 2 X (2*60943791) = 156*566. For the dual 

logarithm of ^ = 160948791, and 1 added to 160943791, diTided by 10", gives 2*60943791. The 

156*566 
mean pressure of the steam, or gross load, = — — — = 15*657 lbs. The work done on the 

piston when 4 ft. of the stroke is made = 4000 x 30 x 2 x (1*69314718) = 406355. Since 
the dual logarithm of ^ = 2, = 69314718. But the excess of this work oTer the work expended in 
moTinff the resistance shows the units of work accumulated in the piston when 4 ft. of the stroke 
is made. Work of resistance up to this point of the stroke = 15*657 x 4000 x 4 = 250512. 
.*. Work accumulated in the piston s 406355 — 250512 = 155843. v being put for the Telocity, 

then ^^iy??52 = 155843. ... ,; = 14*16 ft. 
644 

In the same manner the TelocitT maT be found for any part of the stroke. The weight of the 
mass moTed in any engine, referred to the piston, maT be found as in an example preTiously giTen. 
The mechanical principles of steam cTolTed in the last four examples are wortny of purtioular 
attention. 

Before the art and science of dual arithmetic was discoTcred, independent and direct solutions 
of such questions as the following defied the combined skill of mathematicians. In sudi oases 
results were generallr guessed at, or roughly approximated to, by the help of empirical rules 
and limited tables. Questions that presented great dil&culties may now be soWed with ease, and 
without extraneous aids or methods of approximation ; the subject is merely touched upon in this 
place to call forth a spirit of inquiry respecting an art so easily acquired, and at the same time so 
extensiTe in its application. 

Quet. — Steam at 60 lbs. pressure (p) is cut off at « feet of the stroke, and expands^ according to 
Boyle's law, so that the mean pressure throughout the stroke = 32 lbs. (9), the whole stroke = 7*5 
ft. (a) ; find « by a direct process, without the use of tables or empirical rules ? 

We haTe before shown that j, ( — j is read the dual logarithm of ~ , which any student 

may calculate by common addition and subtraction. 
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.-. .i.a,-.i,(.)+10.. = I0.^. ... .a.^ + 10.)-10.^'=.Ux). 

Putting MforlO* — ,andNfor|, a+10*; the last equation may become s N - M = » |, (x). 

Then a natural number n may be found of which K is the dual logarithm ; and a natural number 
m of which M is the dual logarithm. 



— = «». 






1 X 

Taking the - root of both sides of the last equation, and substituting « for - , then, 
^ a 




The geaenl solaticm of eqiutionB of the form e' = t, or t |, (-i) = '19620237, is given in ' Dual 
ArithmeUo a New Art,' by Oliver Byrne, Part II, page 88. Bj thw new art i ia readil; found 
to be = the dual numbei ^ 4 "SI, 5,'2'4 '6'6'0, whiiJi U equal to the nabual number -0T62212B1. 

» = - = (■0*8050598)* = ■076221291. .■. « = 1 ■ 53932 feet 

We hsTO DOW pointed out how heat, w#ter, and Bteam, brought together in a boiler, combine 
to produce mechanical effect; but the appliances and eiperimenta which we have thus far 
advanced were fsvoumble, so that nothing was inttoduced to prevent the results predicated bj 
abstract leasooiog from being obtained ; however, in practice many things conspire to curtail the 
mechanical effect of steam ; lot instance, some bailers are at rest, others in motion, while the motor 
stMJn is Iwing generated in them. From some boilers, a partiouUr pressure and a constant sappi; 
of steam from a limited space, in a short time, is often required. The fuel employed and water 
used play important ports for or against the efflcieucy of a boiler. The original lK>iler arrange- 
ments of James, Ogle, Montgomery, Dundonald. and WiUiHms. and of a few other ingenious 
inventors, have overcome many of the practical difficulties of lioilor construction. Two methods 
are employed to effect the object in view, namely, the establishment of a large heating-surface 
compared with the volnme of water to which the hoat is immediately applied, and the application 
of oonsidemble heat to the water, tiirough a small aur&oe, and thus rapidly effect the conversion 
of water into steam of the required force. 

W. H, James' boiler was composed entirely of tnbea of small diameter amuiged side by side, as 
in Fig. 860, and insOTted into two large pipes d, e. One of these tnbes or rings is shown in section. 
Fig. B6I, and exhibits the space occupiea by the water a a, the steam room 6 1, the horizontal pipe 
d serving for a steam-pipe, the feed- 

8ipe < which distributee the water into tto. 

le rings uniformly. The thickness 
of the rings was X in., of the hori- 
zontal pipes d and i t in., and the 
diameter of the boiler 2* in. The Are 
was placed on a grate near the hot- I 
tom, and sometimes directly on the [ 
tnties, which thus formed the grating < 
itself. This boiler was enclosed by 
brick-work, from inside the arched 
roof of which much heat was eoono- 
miied by reverbention. James pa- 
tented this boiler in 182G, and he 

may be considered to be the first inventor who practically nndflrstood what was required to oon- 
stitnte an efficient boiler. The comparative merits of the boilers specified in the anoceeding 
tabulated arrangement can, in a great measure, be comprehended from the appended data anil 
registered results. 

The boiler invented by Nathaniel Ogle is shown in Figs. 862, 863, 864. 

Fig. 862 shows a vertical section of Ogle's boiler. Fig. 8G3 it a gronnd plan, and Fig. 664 
■eetion of the top. 

d, a, a, are tube* or vessels plaoed over the furnace B In an upright or perpendicular or vertical 
podUon. c,c,an tnbes or pipes for connecting the tubes a, a, a, together. <!, i^ r^ are the inner 
lluel which run through the inside of the tubes or vessels a, a, a, and out at the top, and which 
floea or tnbes are also placed in an upright or perpendicular or vertical position, and are for the 
escape of the heated air or gas arising from the fire, which may be made on the furnace bats e, or 
in any other way that may be found convenient. /, /, /, ate flues or spaces which also serve for 
the escape of the heated air or gas arising from the Ore. g, g, are the sides of the furnace ; the 
front is supposed to he taken away, in order to show the boiler or generator. A, the chimney. 
t, i, I, are bolts for screwing the tubes or pipes c, c, together, k, the feed-pipe for supplying the 
boiler or generator with water. /, the steam-pipe, m, m, m, are tubes or pipes to connect the tubes 
&t pipes c, c, together. » is the ash-pit. The water which is contained between the tubes or vessels 
0,0,0, may be pumped into the boiler or generator to any height at which it may be found most 
Donvenient, and a safety-valve may be atteched in the usual way. 

Prom a series of well-directed eiperiments. Ogle brought his boiler to a great state of perfection ; 
he received much practical assistance from Thomas Don, the experienced millwright and engineer, 
who for a considerable time was engaged with Ogle in carrying ont steam locomotion on common 
road*. One of the last arrangementsgiven to Ogle^ boiler is shown in Fig. 865; one of the horizontal 
lube*, detached, is shown in Fig. 866 : the dimensions, shown at A, 3 by 3} in. ; length, 3 ft. 4 in. 

This boiler was composed of eleven rows of perpendicular tubes, ten tnbes in each row; the 
internal diameter of the upright tubes was 3 in. 

After a series of expenioenta, Ogle and Dni so proportioned the heating-anrfaoe to the volume 
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of water to which it oommumcated a maximum calorific value, that they dispensed with the iuner 
flues and ultim^ttely produced a boiler of the type shown in Fig. 865. Ogle inserted a steam-pipe 
at b ; this pipe was pierced with holes like that shown in the Thomson boiler, Fig. 835. The holes 
in Ogle's superheating and drying tube were not equidistant ; they stood farther apart, near the 
exit at 6. Ogle poss^sed great mechanical skill, as well as extensive general information ; he 
was highly educated in both college and school. In early life he was an officer in the Royal 
Navy; his attainments in other departments of science and art were considerable, and no man 
possessed a heart with a greater amount of the milk of human Mndness than Nathaniel Ogle. 
The writer knew him well ; peace be to his ashes. 
The boiler shown in Fig. 865 had 

•q. In. 

110 upright tubes ; surface of each was 351 sq. in. ; in all 88,610 

22 horizontal tubes OjO, a; surface each 820 sq. in. ; in all . . 6,400 

3 horizontal tubes to join the rows of tubes at top and bottom, for 

water-supply and to take off the steam ; the surface, in all . . 1 , 296 

Or 320 sup. ft. or heating-surface contained in a space of 34) cub. ft. 46,306 



Solid oontenta { ^^^^^.^^^ -"• ^ ^ 



cab. in. 
all .. .. .. .. 31,680 

18.424 



Or 180 gallons. 



50,104 



The Dundonald boiler is shown in Figs. 867 to 871 ; this arrangement is original and very 
complete. 

Fig. 867 is a general view of the boiler invented by Thomas Cochrane, commonly called Earl 
Dundonald. A is an aperture at the back of the ash-pit to admit heated air through a duct or 
channel B, G, to unite with the candent gaseous products of combustion at 0, and complete the 
decomposition of fuliginous matter. From this boiler Dundonald cuts off the steam-chest D, £, F, G, 
reducing the altitude of the boiler to D, G, and in lieu of the steam-chest he adds a reservoir H, K, 
of sufficient capacity, using the device L, M, being a plate of iron or other substance, whereof the 
part M may either be immersed in the water, or a pipe or channel M, L, may be added, whereby 
the spray or water hurried up bv the steam may descend, so that the steam which shall enter the 
centrifugal separator O, P, may be comparatively dry ; but should any spray remain enveloped by 
the steani, the same will adhere to and fall down from the separator through the tube or channel 
Q, which performs the same office as M, K. It is obvious that these channels, being immersed at 
their lower extremities, do not permit the flow of steam in a (Urection contrary to the issue of the 
separated water. 

Fig. 868 exhibits a common tubular boiler, from which the lofty appendage of a steam-chest 
may be removed and the steam reservoir substituted. H, K, represents that reservoir, and 
D, E, F, O, the steam-chest cut off, which important 'im*provement Dundonald renders practicable 
bv devices that retain the spray or water termed priming, L, M, is a guard to ward oflf the effect 
of violent ebullition, and at M, N, is an opening or channel (the lower part whereof terminates 
under water to prevent a counter-current of steam), through which opening or channel the 
greater part of the priming descends, leaving the steam comparatively dry to enter the centrifugal 
separator O, P. 



86». ^.^ 




868. 




869. 




870. 




Fig. 869 is an enlarged view of that separator, on the sides of which the remaining spray 
impinges by its rectilinear impulse, and adherea until it descends through a submerged pipe or 
channel Q, and returns into the boiler. The dry steam enters the reservoir H, K, at the ends of 
the separator O, P, by the openings P, the rest O being closed. But in constructing boUers it is 
proposed wholly or partly to envelop tiie funnel in the reservoir, and so render tiae steam still 
more dry by imparting thereto the heat which the products of combustion may then and there be 

2 T- * 
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«ble to Impart. Condeiued steun may be drawn off Itritn the reaervotr H, R, and returned to the 
boOer hj & unall tnuufei-pump B, or by a cxnmectioD with the feed-pump, or it may be bbwn out 
through a pipe by the steam preaaure. 

Fig, 870 ahowB a means of oommnnicating power to propelling appatatna without long ahnfta 
or the ordinary gear, x is a ateam generator : y ia a atfnm-pipe encloaed in a case composed of 
the lesat-oonducllug material to prevent loaa of hent : and i is a iteam reaerToir, placed as near 
' the extremity of the veasel as may be convenient: tfans a short propeller-ehaft Fioni an engine 
oontiguous thereto will suffice. Conti^oiis to the reservoir i, and reaching to the stem-framp, 
Dandonald plaoed a vater or an air and water tight tank, thioogh which the propeller-shaft paaaea, 
whereby the bearings were kept oool, and leakage from the stafflu^-boiea prevented. 

Fig. STl is a boat boiler, which, as regards its steam-generating arrangements, may be on the 
umal looomolive plan. Dnndonald's improvementa consisted in placing aronnd the funnel, or 
where most convenient, a ateun-sepsretor to ward off the effect of violent ebullitiim or eitenuil 
agitation, and draw off the spray or prtming arising therefrom by the pipe or channel H, N, or Q, 
leaving the steam compatstively dry to ptus into the lower reser- .„ 

TOiT H, K. 

DuLdonaJd jnrtly claims the oonstructing of boileta with steam ij 
teeervoirs below the level of the water in lieu of and dispensing 
with stesm^besta above; and eito the neam of retaining tiie heat 
and drying the steam Id a leaervoir by the pretence of a portion of 
flre-aurfBoe, or by the pamage of the flue or chimney therein. 

His invention abo prevents the overflow of vrater, termed pri- 
mn^, into a steam reservoir by jnotecting plates or channels, having -; 
rroores or duets, whose lower extremity la immersed in water within — 
the boiler, or terminates in the steam reservoir, and ao leaves a ~ 

nj. free issue for the priming which teparatra from the steam. Dnndottald also 




e sides of the ooq- 



Srtion of the boiler that U below the lower tube-head ; and K, K, the bottom of the boiler, 
lis bottom is made oonvex outwards, and may be either iphericBl or conical ; and as the beat 
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will be tn a state of e(»ipamtl*e qnfeaoence, In ootueqneuoe-oT wbich the aedbnentaTT matter, 
from which inenutationB an ordinarily ftvmed on the bottoma and other parts of bailers, will 
«ettle down in a looae nnaggieeated state. B; meana of a tube L, and a cock M, or b; the aid of 
an ordinary valve, the aeoumalated aedinient may at any time be blown off without oocaaioning 
any oon^derable waile of water. 



The flame or heat from the flre-ohamber i» directed, flnt, against the upper enda of the 
vertical tube*, and then upon their lower enda ; and to effect thia I plaoe a partition or dia- 
phragm N, N, eo aa to divide the lart^r portion of the chamber oontaining the tnbea into two 
parts, an upper and lower chamber. This will direct the draught, u indicated by the arrowi^ 
Itnt into the space above the diaphiagm, around which it will pass to the chamber below the 
diaphragm, thence into the flue-space O, O, below the aah-pit, and thenoe to the chimney P. 
The introduction of this diaphragm-plate is an important feature, and flnt introduoed by Mont- 
gomery. 

Q, Q, Fig. 872, is a shield, oonaiiting of a plate of metal plaoed below the boiler-head at ancfa 
disbuKse thwefnim sa to allow of a steam p«ss««e between the two ; its diameter Is somewhat less 
than that of the boiler-head, so as to allow the steam from the steam-chamber to pasi into it 
whilst it oompletely covers the upper ends of the vertical tubes. By this arrangement of the 
shield the steam in drawn equally from all parts of the circumferenoe of the boiler ; the foaming 
of the water when the pressure ia taken off by the admittance of steam into the cylinder will also 
be in great measure prevented. B, B, Is the steam-ptpe leading &«m the middle of the boiler- 
head to the engine. 

Montgomery adds: — "The producing of a free and continuous circulation of the water in a 
holler has been frequently attempted, but has not been, as I am well assured, hitherto attained ; 
. but by my plan of arranging the respective parts of the boiler in such way as that its bottom shall 
not be subjected to the direct action of heat, and of introdooing it laterally among the vertical 
tnbes at their upper ends, I not only secure the ready deposititig of the Be<Qment as stated, but 
effect a rapid and decided citoulation, which prevents all (nonutatian on the interior of the tubes 
and at the bottom of the boUer, and also augments the quantity of stenm generated. I have 
represented the diaphragm as situated at about one-third of the height of the Doiler from its top, 
but it may be placed near its middle, or lower down if preferred, the fire-chamber also Iwing 
depressed to aooord therewith." 

The fire is to be ignited at the part ne«reat to the boiler, and mooeesivelj through the doors 
more and more distant fiota it, the object of which is always to keep a clear flre towards the 
boiler, the fireman moving the fuel which has ceased to give out smoke gradually forward, and 
giving the new supply at a distant door, ao as to cause the smoke to pass over a clear flre, by which 
means it will be completely burnt, the nnavoidable leaking in of atmospheric air being sufBcient 
to ptodnee that result ; an additional supply may, however, be given should it be found necessary. 
W, W, Fig. 872, is a waetenrteam pipe lading »om the ordinary safety-valve into the ash-pit D, 
This pipe will conduct the steam that escapee through the vslve, whether in small or large 
qoantities, into said ash-pit ; and when the quantity is large from the effect of too great pressure, 
tne steam will have the elect of dan^in|; the flre, and thus of regulating the pressure. 

Hcmtgomery also introduced a peouliar method of applying eipanding-rods to boilers, for the 
pwpoae of prevwiting explosions I^ damping the fire before the point of danger was reached. 

Odo form of thia airangement la shown in Fig. S73. i, a, is a rod which is made fast to the 
froDt ftmaea-plata, aa at t. It passes through suitable stays to prevent its bending, is jointed at 
its rear end to a rod h, and this at its opposite end is jointed to a rod i, i, that passes to the ttout 
of the b(Hler ; u is a rod that pnitrr from the rod u>, through a atufflng-box z, and Is made fast to 
ao immovabk bulkhead at y ; the rod u ooiueqnently remains stationary : the expanaiou of the 
boiler and tod by heat will therefore have the effect ol causiDg the boiler to slide back cm the rod 
w, and will cause th£ rod w to foioe the rod i, n, forward. The rod d, s, passes through a stufflng- 
box at a' on the front of the bailer, and its end bears against a nd &■, which Is attaobed by a joint- 
pin to a short arm or stud c'. 

In the vertical section. Fig. S72, the lever i' is seen as acting against a lever which operates on 
» valve «' that is connected to the steam-pipe B b; a smaller pipe /'. When the expansion-tods 
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force out the valve «», steam will pass up the tube g\ and force in a piston at A», and ^11 close the 
damper »» by an arrangement of levers, the action of which will be readily understood on inspec- 
tion. To cause the lever d» to return with certainty to its place when the expansion-bars contra^ 
a weight ;» is applied to a cord that passes over a pulley *». The front of the furnace, it is to be 
observed, is to c^ so stayed that the whole 
expansion of it and of the boiler shall be 
towards the back. Montgomery says, "In- 
stead of carrying the steam &om the ordinary 
safety-valve through the wastensteam pipe 
W, W, as before mentioned, I sometimes adopt 
the arrangement of admitting a portion thereof 
by the action of the expansion-rods. In this 
case, in addition to the ascending-tube y\ g\ 
that gives a passage to the steam that is to 
close the damper t\ I allow a tube 47^^ to de- 
scend from the chamber of the valve e^ and to 
enter the ash-pit ; the portion of steam that 
descends through this tube will co-operate 
with that which ascends through the tube g^ 
in damping the fire. The expansion-bars are 
to be made of any suitable composition, and 
these, when the boiler is of iron; are to be en- 
closed in tubes of iron, the expansion of which 
will be the same with that of the boiler; 
when the boiler is of copper, the enclosing- 
tubes must be of that metal. By the enclos- 
ing-tubes the expansion-bars are kept from 
the contact of moistiure, and all galvanic action 
is thereby prevented. The operation of the 
expansion-rods, when arranged in the manner 
described, will be such as to ensure the ope- 
rating of the whole amount of their expaUsion 
upon the apparatus by which the damping of 
the fire is to be effected.** 

As an inventor, Montgomery has but few 
equals. We therefore give another form of 
boiler invented by him about 1859. This 
boiler is shown in Figs. 874, 875, 876, 877. 
In part a front elevation, Fig. 874, and in part 
a vertical trfinsverse section. Fig. 874. The 
parts shown in these four figures are referred 
to by numbers instead of by letters. 

Fig. 875 is a vertical longitu^nal section ; 
Fig. 876 is a transverse section of the upper 
pui of the boiler, exhibiting a modification 
in the form of the crown-plate ; Fig. 877 is a 
longitudinal interior view of a segment of the 
cylindrical portion of the boiler, showing the 
form of passages communicating between 
the upper and lower portions. 45 represents 
the furnace, and 46 and 47 flues through 
which the products of combustion pass to 
the stack 48 ; 49 is a corrugated plate of 
metal, forming the crown of the furnace and the floor of the upper watei^space ; 50 is a bridge, 
which serves to deflect the products of combustion upward, and receive the heat therefrom, which 
is imparted to the body of the water which it contains ; 51 are corrugated metallic plates, forming 
a series of tubes of oblong, elliptical, circular, or other section, between which the products of 
oombustion pass, and through wnich water circulates or flows upward by the effect of heat, to 
facilitate which the said tubes are formed of increasing diameter towards their upper ends. The 
plates are made of greater thickness at their lower parts to preserve them longer from the de- 
structive effect of the deposit of ashes between them. 52 are the flre-doors, and 53, doors giving 
access to the flues : 54 is a damper which, when open, affords direct oomniunioation between the 
furnace and stack to facilitate kindling the flre. The plates by which the corrugated tubes are 
sustained and connected at their ends may be either cast or wrought metal. In the former case 
the ends of the tubes are first upset so as to form fianges, which may be separated and turned to 
different angles. The tubes are then placed in position in a suitable mould, and molten metal 
run upon their ends so as to cement the whole firmly together, or form means of connecting them 
as may be desired. In order to fix the tubes in wrought metal plates, apertuses of the requisite 
size and shape are first formed in the said plates and the tubes inserted therein ; the ends of the 
tubes are then somewhat expanded, and thimbles (56) inserted, which form internal supports, and 
enable the ends of the tubes to be upset or caulked so as to produce secure steam-tight joints 
between them and the connecting-plates (58). If preferred, the thimble may be replaced W^a 
simple stay introduced between the opposite salient portions of the plates near their edges. The 
whole nest of corrugated plates forming the interior water-spaces is held in position by screw 
bolts (59), which admit of the removal of the whole nest bodily for inspection, cleansing,, or 




BOILEB. 



187 



^pairs, and the oonneoting-plate may, if desired, be oonstruoted in sections connected in like 
manner so as to facilitate tne same ena. The corrugations in the metallic plates are advantageous 
in Kiving strength and rigidity to the structure, and affording an increased extent of heating- 
surface ; and, when placed at right angles to the line of draught, present surfaces against which the 
products of combustion impinge with some force, and thus temporarily arrest their progress, and 
cause them to part with more of their contained heat. By means of this arrangement alarge 
portion of the heat produced passes immediately into the upper part of the wator through the 
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medium of the plate (49), and thus effects the generation of steam, the heat evoWed by contact 
with the plates or tub^ (51) serving to raise the temperature of the water contained between 
them, and to generate an additional amount of steam. When employed for the formation of 
furnace crowns and plates as (49), the corrugations are preferred to run transversely of the arch or 
at right angles to its axis, in order to form opposing curves to add to the strength and rigidity ef 
the structure, which end is further accomplisned by forming the corrugations of greater depth 
towards the centre or crown of the plate than at or near its sustained edges or endiB^ as shown in 
Figs. 874 and 876. The crown-plate (49) exhibited in Fig. 875 presents in its longitudinal section 
alternate comigations of different sizes surmounted by vertical ribs or laminsB (60), which is believed 
to constitute an original form of plate, possessing greater strength in proportion to the weight of 
metal than any other known ; the rios (60) also afford facility for tne attachment of stays or 
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braces (61). In high-pressure hoilers the oomigations in the plates (51) forming the internal 
water-tubes will also be rolled of increasing depth toward the centre to give them additional 
strength. For low-pressure boilers the plates (51) are formed with corrugations running 
horizontally as well as vertically, the effect of which is to avoid any injury by contraction ana 
expansion from changes of temperature, and also to afford increased heating-surnoe. In this case 
the tubes are made circular in the general form of their transverse section. 

The operation is as follows : — ^The products of combustion pass from the furnace (45) over the 
bridge (50), down the flue (46) to the diaphraom-platb (62), b^ which they are deflected hori- 
zontally between the corrugated tubes (51) to the end of the said plate (62), where they descend 
and are carried horizontally in the opposite direction between the lower ends of the tubes (51 X 
and having thus been made to part with a large proportion of their heat, pass upward through the 
side flues (47) to the stack (48), their course throughout being indicate by arrows a. By this 
means the plates composing the water-tubes are preserved from unequal vertical expansion in 
their front and rear portions respectively, and the corrugated form of the said plates prevents any 
injurious results from the grater horizontal expansion of ^he upper than that of the lower portion. 
Feed-water (see arrows 6) is introduoed into the lower portion of the boiler through the port (63), 
and in accordance with the laws of rarefaction by heat a constant curoulation is produced, the 
hottest portion of the water at all times passing to the upper region of the boiler immediately 
above the furnace, at which point the most intense heat is impi^ted from the furnace so as to 

Sroduce there the chief generation of steam, which rises freely in the steam-space without pro- 
ucing any serious ebullition or disturbance of water to cause foaming. In the lower region of the 
boiler a constant circulation of water occurs up the tubes (51) and down the external water-wavs 
(65), any steam generated bv contact with the upper ends of the tubes rising, together with the 
water with which it is mingled, through the passage (66), and ** solid ** water descending through 
the external passages (67) to take its place : it wiU thus be seen that the present arrangement 
causes the steam as fast as formed to rise with the water instead of through it, which results in 
the prevention of foaming and in keeping the water in close contact with the heating-surfaces. 
The passages (67) communicate with the lower region of the boiler by long narrow ports (670 
running transversely of the boiler, as shown in Fig. 877, which produce no weakening effect, 
because their combined diameter longitudinally of the boiler is not greater than that d the rivet- 
holes necessary for connecting the plates. In Fig. 875 the dunper (54) is shown located at the 
bottom of the descending-flue (46), in order that when it is opened any accumulation of ashes may 
be discharged into the box beneath, from whence it is readily removable; the action of this 
damper also facilitates the kindling of the fire. 

In a paper, bv Charles Wye Williams, printed in the 'Trans, of Inst. K. A.,' on the 
** O)n8truction of Marine Steam Boilers,** Williams says that it is highly desirable to raise a 
preliminary question, namely, how to realize the greatest calorific effect from the coal by 
generating the largest amount of heat; and it is only when this is effected, that we come, 
practically, to the application and utilization of that heat in the boiler, and thus to generating 
the largest quantity of steam. In speaking of the power by which the engine is made available, 
we rightly refer to the steam itself. So, when we speak of the amount of power exercised, we 
refer, practicallv, to the quantity of steam generated. We may here, then, discard the term 
pressure^ so much commented on, because this, when rightly understood, represents but the mere 
quantity confined within the volume of the boiler. On what, then, does this quantity depend ? 
not, certainly, on the mere weight of coal consumed, since any weight may be so misapplied or 
wasted under an inefficient bouer as to have little effect on the quantity of steam generated. In 
the generation of heat, the only ingredients are the fuel and the air. Their successful combination 
belongs to the proportions and appendages of the furnace, wholly apart from the boiler placed over 
it, the result depending solely on the perfection with which that combination is effected. N^ow, 
that combination, says Williams, is a purely chemical process, and is determined by the union of 
due equivalents of the air and fuel. The perfection of this process, however, be it ever so 
complete, has no fixed relation to the amount of steam generated. To speak, then, in the fashion 
of the day, of the evaporative value of any description of ooalj is at once incorreci delusive, and 
unmeaning. Strictly speaking, there is no such tning as an evaporative value in coal, although we 
can well understand its heat-genera^^ or calorific value. The generation of heat is a wholly 
different thing from its application. The importance of this distinction has yet to be appreciated 
bv practical engineers. As the generation of heat is the peculiar province of the furnace, or 
alembic, in which the combustible fuel and the atmospheric oxygen are to be combined, so the 
generation of steam is the province of the boiler, and to this latter belongs the degree of perfection 
with which that heat will be transmitted to the water, and steam thus produced. 

We have, then, two distinct processes or operations to consider : first, the generation of the 
heat ; and secondly, its application, involving the heat-transferring property of the boiler-plates 
as the direct cause of the generation of steam. To the confusion whion has hitherto prevailed 
in reference to these distinct processes may be attributed the absence of attention to the propor- 
tions, conditions, and separate functions of the furnace and the boiler. The consequence of this 
confusion is, that a wrong direction continues to be given to the inquiries of even the most 
ingenious and practical men. While we have been endeavouring to ascertain the relative calorific 
(erroneously called the evaporative) values of different kinds of coal, we should have been con- 
sidering the relative heat-transmitting properties of the different kinds of boilers. Of this we 
have a notable instance in the late commission issued under the direction of the Admiralty, to 
inquire into the kind of coal best suited for steam-vessels of war^ but in which no reference 
whatever was made to the peculiarities and imperfections of the boiler employed, and hence the 
unsatisfactory character of the results, as will hereafter be shown. On this head we have also a 
report from the late H. De la Beche and Lyon Playfair on the so-called ** evaporative power and 
value of the North of England and South Wales coal.** This report assigns to the latter an 
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etaporatlTe Tslne, which fs purely theoretical, and altogether erroneoiu and miBleading. In it 
we detect the grave error of confounding calorific with evaporative power, which are there aaramed 
to be identicaL 

In considering the calorific value of any description of coal, we cannot omit eetimating that 
waste of its constituents which fpw to the production of smoke, and the deposit of soot, with its 
non-conducting property, but which forms no part in a theoretic estimate of i£i calorific properties. 
On this point B. Murray has offered some remarks which here demand attention. ^JBkwever 
desirable it may be," observes Murray, ^' in other respects, to * bum smoke, ' by admitting air into 
the furnace above the bars, this is not always found to be an eoonomioal process." It is to be 
r^retted that he has oifered no evidence in justification of this statement, which, says Williams, 
I hold to be the very reverse of fact. . I can at any time show a boiler in daily work, in which, not 
only the full calorific value of each description of coal may be ascertained, but in which the 
economy of combustion with, and without, smoke, is indicated with the greatest certainty. 
Again, Murrav in his paper observes, ^* the burning of smoke, as it is called, by artificial methods, 
has not proved very successful in economizing fuel ; but that, by proper firing, and by admitting a 
little air through the doors, black smoke may be prevented from being formra, and more economy 
would in that way be realiased than by using artificial means for burning the smoke." In 
making these assertions, Murray should have supplied some information as to what he means by 
the term ^ artificial ; " what it is that he characterizes as ^ proper firing ; " and what is meant by 
^a little air." Murray, observed Williams, must have been looking at some of the scores of 
patents, ingeniously varied and elaborated as mere commercial speculations, for effecting, by 
costly apparatus, the ^ burning of smoke ; " and which may truly be called " artificial," including 
the most absurd of all, the heating of the air. But if he will refer to the Newcastle experiments 
he will find, not only that smoke may be prevented, but that a considerable economy may at 
the same time be uniformly realized. As to the tenn artificial, if that be applied to the method 
of introducing atmospheric air, in divided streams, into the furnace, a system which — ^in continua- 
tion Williams goes on to say — ^I have employed for many years with very great advantage, I can 
only say that Murray may with equal propriety characterize as artificial the method of allowing 
water to issue through the perforations in the rose of the common watering-pot, instead of its 
passing in an undivided stream, as when the rose is removed. This action of the rose is identical 
with the mode recommended for bringing the air, in divided portions, to the gas in the furnace, 
for the purpose of a more rapid intermixture. As to admitting a little air, it would appear that 
the author alludes to the common practice among stokers of opening the doors to a small extent. 
It ought to be remembered, however — ^what every chemical authority states — ^that the 10,000 
cub. ft. of gas generated from a ton of Newcastle coal, absolutely require for their combustion no 
less than 100,CM)0 cub. ft. of atmospheric air, and practically, as Daniel observed, reouire fully 
double that quantity for the ordinary working of a furnace; and this independently of the 200,000 
cub. ft. required for the coke or fixed portion of the same ton weight, and which must pass up 
from the ash-pit The following proof of inattention to these large quantities may here be men- 
tioned. In a large steamer with great power, a difficulty was experienced in raising the required 
quantity of steam, and the continued discharge of the densest smoke (where the engineer had 
undertidEen that there should be nons) caused great annoyance. The remedy adopted was the 
passing of one of the 2|-in. tubes through the smoke-box into the stoke-room, and thus allowing 
the air to pass through it to the gases before entering the tubes I It need only be observed that 
it had no more effect than if the nozzle of a common hand-beUows had been applied. To speak, 
then, of allowing a little air to enter by the doors, seems likely to mislead, where such large 
quantities of air are chemically essential to the process. Williams further 'asks, Where else, then, 
above the fuel, that is, in the chamber of the' furnace (as in the retorts in the gas-works), can the 
combustible gas be met with, or where else can this enormous quantity of air be required to effect 
the necessary imion and combustion, without which the full calorific and economic value of the 
coal cannot be realized? 

* In neat operations like these, there can be no advantage in neglecting or counteracting the 
demands of natnre, or in checking the operation of nature's laws. All admit that gas is generated 
&om coal, on its being heated ; that atmospheric air is essential for the combustion of that gas, and 
that the two must be intermixed for cheimcal combustion ; yet we violently interfere by allowing 
neither time nor space for these operations, and in most cases absolutely prohibit the introductioa 
of any air at all, by the interposition of closely-fitting doors I What, then, can we expect but imper- 
fection in the process and the most unsatisfactory results I Is it not, in truth, worse than stupidity 
or folly to neglect the conditions and means by which alone the constituents of the fuel can be 
enabled to unite, and combustion be effected, or the full calorific value of the coal be realized ? 

On one occasion which came within mjf own notice, and where the door-plate box had been 
fitted with the proper number of orifices, the engineer observed that my own plan had been adopted* 
In reply, I asked if he had ascertained that any, even the smallest quantity of air had passed in 
through the 800 }-in. orifices. The orifices were duly provided, and it was assumed, as a matter 
of course, that the air would enter through them. On investigation, however, it was found that 
no air whatever had passed inwaids through those holes. The furnace-bars being 7 ft. long, and 
the chamber so shallow that the fuel actually touched the crown of the furnace, the back ^ids of 
the bars were neoesMuily uncovered, and the volume of air which there entered was so great that the 
space over the bridge was insufficient for its passage, and consequently, instead of any air passing 
inwsjxls through the perforated door-plate, much of the air and products of combustion (the fiame 
included) actioudly went the wrong way, returning, and forcing the fiame a^dnst the door-plate, 
and ontwards through the holes, so as to destroy the door, producing what is known by the term 
^back-diaught." 

Williams, in continuing this argument, remarks that Murray has stated that not only is 
economy not effected by a£nittiiig air into the furnace above the bars, but ** considerable caution 
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IB necestiary for th0 due regulation of the quantity of air thus' admitted throughrthe fii«-doorB.r 
To these statements, says Williams, I can in no way assent. The following proofs may at any 
time be tested by Murray in my own furnace and boiler, which are freely used, dv the ooal-owneri^ 
^Lancashire and other counties for testing the caloriiSc yaluea of ' their several coals, as before 
shown. Throughout the following experiments the same coal was used. In No. 1, the air was 
freely admitted through 342 J-in. holes in the door-box, as was done at Newcastle, no oaution 
whatever being necessary. In No. 2, these orifices were closed, and the door was the ordinary one 
as generally used. 
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With reference to the absence of economy on the one hand, and the *' considerable caution " 
required on the other, I here quote, in further opposition to both assertions, the words of the three 
professional umpires at Newcastle — Armstrong, Richardson, and Longridge — on the point of 
admitting the air at the door-end of the furnaces. In their published roimrts they say, as to steam 
generated, " there was a large increase above the standard in every respect.** Again, " The pre- 
vention of smoke was, we may say, practically perfect.** Again, *^ No particular attention was 
required from the stoker ; in this respect, the system leaves nothing to desire.** 

'* The results show a large increase above the standard in every respect. The prevention of 
smoke was, we may say, practically perfect, whether the fuel burned was 15 lbs. or 27 lbs. per 
sq. ft. per hour. Indeed, in one experiment we burned the extraordinary quantity of 37^ lbs. of 
coal per sq. ft. per hour upon a grate of 15^ sq. ft., giving a rate of evaporation of 5^ cub. ft. of 
water per hour per sq. ft. of fire-grate, without pr6ducing smoke. No particular attention was 
required from the stoker ; in fact, in this respect the systen^ leaves nothing to desire, and the actual 
laoour is even less than that of the ordinary mode of finng." — Report on Williams's Systetn, 

^ Mr. Williams*s system is itpplicable to all descriptions of marine boilers, and its extreme sim- 
plicity is a great point in its favour.** — Report of Armstrongy Richardson^ and Longridge. 

In further corroboration of these returns, we have aiso the authority of the two professional 
gentlemen, Miller and Taplin, deputed by the Admiralty to report on '* the evaporative power and 
economic value of the Hartley coal and Welsh steam-coal.** Li their report they state that they 
inspected a modification of my plan for the admission of air into the furnace, and found the pre- 
vention of smoke to be almost perfect. Also, that on the 3rd of August they inspected the apparatus 
in the * Expert,' steam-tug, and, ** as they were on board for several hours, they had every oppor- 
tunity of seeing the effect of making and preventing smoke ; and although there was no very careful 
stoking, yet the prevention of smoke was almost perfect,** 

Having explained the necessity of considering the calorific or heat-generating property of the 
coal, apart from the steam-generative property of the boiler, Williams next examines the Utter in 
reference to ito heat-absorbing fkculty. 

In coming to consider more closely the heating-surface of the tubular system. Wye Williams 
observed, I would first insist upon the importance of increasing the efficiency, rather than the 
mere gross area, of such surface. This should be the first consideration. The area of surface in 
the boilers of the present day is already greater than would be necessary were it more efficient as 
a heat-transmitter. Numerous instances indeed 
might here be given of a very large reduction of 
tlie surface having been made by the removal of 
many tubes without any appreciable result. I have 
even known boilers to be improved by having 
several tubes removed and the tube-plate patehed 
over the places from which thiey were taken out. 
The accompanying drawing. Fig. 878, of the face- 
plate of tne Holyhead steamer, the ^Anglia,* 
illustrates a case of this kind. The question of 
efficiency, as contrasted with mere area of heating- 
surface, is by far the most important, although, 
strange to say, it is the most neglected. In this 
direction alone may we expect the greatest mea- 
sure of improvement of which boilers are suscepti- 
ble. The evil of an insufficiency of steam, not- 
withstanding an ample area of so-called heatiug- 
surface, at once raises the question as to the 
demerite of the tubular system. The prevailing 
type of modem boilers, whether for railroads or for 
steam navigation, is characterized as the multitu- 
bular boiler. 
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boiler. In the multitubular system the heated producte pass from the furnace through a 
of metallic tubes, varjring from 6 to 10 ft. in length, and from IJ to 3 in. in diameter. The 
avowed object of this subdivision is to increase the aggregate of surface to which the heat is 
applied. This system of subdivision of the heated matter is, however, prt^judiqi^l both in » 
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eh^mioal and mdchanioal poitit of view, by attenuating its effect. This tjrpe of toiler being 
now 80 general, an inquiry into its origin is not only necessary in explaiiation of its adoption, 
but as a means of tracing and correcting the error into which we have fallen. 

The tubular system was first adopted by George Stephenson in the locomotiye, the ' Rocket,' 
by which, in 1830, he won the prize of 500^ on the Manchester and Liverpool Railway. The use 
of tubes in the ^ Bocket,' at the suggestion of Henry Booth, the treasurer and most influential 
member of the company, was then accompanied, and for the first time^ be it observed^ with the 
passing of the waste steam from the cylinders through the chimney. The result of this combina- 
tion of tubes and artificial draught was so successful and so unexpected as at once to be considered 
oondusiye, and to leave no room for doubt or inquiry. The steam-jet in the chimney created, in 
fact, so powerful a draught as to secure an adequate combustion of the fuel, with the generation 
of a corresponding sufficiency of heat, while the tubes, by reason of the large surface they pre- 
sented, were assumed to supply the other desideratum — the application of that heat in the 
generation of steam. Had, however, the two principles been separately applied and examined, 
and estimated according to their relative and respective merits— which never was done — it would 
have been found that nearly the whole of the favourable result obtained was really owing to the 
steam chimney-jet, and the powerful draught it occasioned. The value of the combined action 
of the jet and of the tubes, however, was taken for granted, and has since been considered the 
perfection of efficiency. 

The value of the steam-jet, and of the increased draught it occasions in locomotives, has been 
too well established to require any remarks ; I will (continues Williams) therefore confine myself 
to the use of the tubes. It is manifest that the main difficulty under which engineers labour, as 
regards marine boilers, consists in providing adequate heat-transmitting surface. This difficulty 
early suggested itself ta the elder Stephenson. Smiles, in his biography, tells us that his 
son, the late lamented Robert Stephenson, observed, ** Other eng^es with a variety of construc- 
tions were made, all having in view the increase of the heating-nrarface, as it became obvious to 
my father that the speed of the engine could not be increased without increasing the evaporative, 
power of the boiler. This inference was strictly correct ; his error (hitherto unexamined and 
uncorrected) lay in the hasty and inconsiderately-formed assumption that an increase in the 
evaporative or steam-generative power would necessarily be secured by an increase in the tubular 
surface. This •error, therefore, naturally led him to an extension, not only of the number of the 
tubes, but to give them the lei^h of even 13 ft. So fully was Robert Stephenson impressed with 
the idea, that he observed, *^ The power of generating steam was prodigiously increased by the 
addition of the multitubular system." That this inference was erroneous, is clear from the fact 
that the * Rocket ' had but twenty-five tubes of 3 in. in diameter and 6 ft. long, and the entire 
tubular surface had but the insignificant aggregate of 117f sq. ft. — an amount of surface which 
would excite the smile of modem engineers at the idea of its "prodigiously increasing" the 
generation of steam. The insufficiency of so small an amount of surface to produce any notice- 
able effect was subsequently demonstrated by the fact that in the Newcastle boiler (to which was 
applied the apparatus to which the prize of 5001. vras awarded) an addition of forty tubes with a 
surface of 320 sq. ft., and placed under the most favourable circumstances for transmitting heat, 
had but little effect, and could only extract 45° out of 600° — the temperature of the heaiml pro- 
ducts passing through the tubes. *^ The heater, which was used for the purpose of heating the 
feed-water, slightly increased the evaporative effect by its additional absorbing surface. Thi^ 
increase was, however, much less than might have been expected from the large absorbing surface 
of the heater, which contained 320 sq. ft. ; yet it was found that, .when the products of combustion 
before entering the heater were at 600°, tne passage through it did not reduce the temperature 
more than 40° to 50*." — Report of Armstrong^ Bichardson, and Longridge, It seems strange that 
this fact, 80 suggestive, and so prominently noticed and recorded, did not lead to further mquiry 
as to the cause of the manifest insufficiency of the heat-transmitting power of the tubular sunace ; 
nevertheless, this combination of the tube-surface system with the jet remains still unquestioned. 
"The superiority of the arrangement adopted in the 'Rocket,'" observes Smiles, "consisted 
in the rapidity of combustion in the fire-box keeping pace with the rapidity of motion in the loco- 
motive itself; for, according as the sth>kdd of the pistbh in the cylinder were fast or slow, so were 
also the jets of steam thrown into the chimney on Which' defended the draught of heated air 
through the tubes of the boiler, 'an<i consequently " (a tnanifest non-seq^uitur) " the amount of steam 
generated from the water exposed' to the latge eMent'bf hiatin^'^surface which they presented." Here 
we see no indication of doubt as to the action of the tubular surface, which is set down as the un- 

auestioned source of the generated 'steain. The trial with the * Rocket ' took place in 1830, and 
iie 8up|)osed steiim-generating value of tube-surface remains unquestioned to this day. 
"It was not until some ^ears after, when the tubular system was introduced into marine 
boilers, that I," adds Wye WiUiams, " began to entertain any doubts as to its merits. Aware of 
Some experiments having been made on the Manchester ana Liverpool Railway, I applied early 
in 1858 to Bewrance, then chief engineer to that railway, and here nve his reply to my inquiry. 
He said: — *In reply to your inquiries as to the experiments made by myself and Woods, about 
the year 1842, as to the evaporative effect of the tube portion of a locomotive boiler, I have to say 
that we had one of the boilers employed on the Liverpool and Manchester line divided, so as to 
separate the water in the tubular portion of the boiler from that in connection with the fire-box 
portion. In a subsequent experiment, I divided a small boiler into six different compartments, so 
that I could ascertain the weight of water evaporated in each. The first compartment was but 
6 in. long, the remaining five were each 12 in. — the tubes being 6 ft. 6 in. long. The result was, 
that each square foot of the heat-absorbing surface in the first compartment was about equal to a 
square foot of the fire-box surface. In the second compartment each stjunre foot of tubular surface 
was estimated at about one^third of that value; Xut in the remaining four compartments tiie 
evaporation was so small as io raise a' doubt on'my mind whether it had any value at all. In fact, 
I came to the conclusion that the first 6 ih. of the tubular series had more evaporative effect than 
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the lemaining 60 in.' Here was ample enconragemenf for further inqairy, the heat-tnuuBmitting' 
property of the tubular surface being so seriously impugned. A similu experiment had been 
made by the late Benjamin Hick, of Bolton, a com- 
petent and able experimenter. The conclusion that 
ne came to was, that each 10 ft. of tube-surface had 
only the heat-transmitting power of 1 ft. of furnace- 
surface. My own experience goes far in corrobora- 
tion of these data, as will presently be seen." 

To exemplify these facts, Williams had a boiler 
so constructed that the heat-transmitting value nf 
each lineal foot of tube should be indicated with 
absolute certainty. The tube was 3| in. diameter, 
similar to those in the * Eblana ' steamer. It was 
5 ft. long, and divided into six compartments or 
separate boilers, as shown in the annexed eng^ra- 
ving. . Observing that the boiling, which was violent, alwavs appeared to come exclusively 
from the end next the plate in which the tubes were inserted, the first compartment was confined 
to a sin^e inch of the tube, the second to 10 in., and the remaining four compartments, each to 
12 in. The following is the result after three hours : — 



3 1=>--^-^^- ---rH-'-------r'^-- r^----^ 



First GompBrtF 
nwnt, of 1 inch, 
evaporated. 



Iba. oa. 
2 14 



Second, of 
10 Inches. 



lbs. OB. 

2 15 



Third, of 
12 inches. 



lb. OS. 

1 14 



Fourth, of 
12 inches. 



lb. OB. 

1 6 



Fifth, of 
12 inches. 



Sixth, of 
12 inches. 



IK OB. 

1 2 



lb. OB. 

1 1 



Here we see the first single inch of the tube evaporated nearly as much as the adjoining 10 in., 
while the first 11 in. did more than the remaining 48 in. 

Desiring to place this beyond all question, and thinking that objection might be made to the 
results obtained from a single-tube boiler, Williams subsequently had a boiler constructed with 
twenty-five tubes — the exact number of the * Rocket ' boiler — 6 ft. long, and 2^ in. internal diameter. 
This boiler he divided into three compartments, by water-tight partitions placed 1 ft. from either 
end, thus leaving a central compartment 4 ft. long. Having connected this boiler with a suitable 
furnace, he found that the water in the first compartment, mich received all the heat transmitted 
through the tubchplate, boiled in twenty-three minutes from the time of lighting the fires ; that in 
the second compartment it took forty-eight minutes to boil ; and that in the last compartment it did 
not boil until fifty-nine minutes had elapsed. During three hours of uniform firing, the following 
results were obtained. In the first compartment, a foot long, 240 lbs. of water were evaporated ; 
in the second compartment an average of only 70 lbs. of water for each foot of length waa 
evaporated ; and in the last compartment, a foot long, only 50 lbs. of water were evaporated. 

Having thus established the fact of the great evaporative efficiency of the first compartment 
of the tube, and especially of the first inch, in length, pbaotically that of the face-plate, 
and the comparative inefficiency of the remaining 5 ft., it became necessary to examine 
the cause of this extraordinary result, to find out how it happened that a stream of heated 
products at a temperature above 600° passing continuously for three hours through the tube, was 
incapable of transmitting more heat to the last 12 in. of its length than could keep the tempe- 
rature of the water at 180°. In the fact that it was so, we at once see the inutility of increasing 
the length of the tube. Let us first examine the area of heating-surface in a few vessels of the 
largest class. The published authoritative account of the American iron-clad fioating battery, by 
Mr. Stevens, gives tne following details:— 

■q. ft. 

Tube-surface 28,380 

Furnaces 2,050 

Connexions 1,890 

Tube-sheets , .... 680 

Total 28,000 

Here the gross area of tube^nirfaoe is estimated in the same category with that of the furnace- 
surface. Now, in taking the true value of tube-surface as stated by Dewrance, or Hick, these 
nominal 23,800 sq. ft. would be at once reduced to 2380 * and this most probably is not far from 
the truth. Again, take the tube-surface of the late Bruners boilers in the 'Great Eastern' 
(which are constructed on the same principle as the original boilers of H.M.6. ' Terrible ') for each 
set of twenty-four furnaces (there being 112 in all) at 6000, and of furnace-plate at 3000 sq. ft. — 
say 28,000 ft. of tube-surface in all — and then see what a serious, though unsuspected reduction 
should be made in reducing those 28,000 ft. nominal, to effective heat-transmitting surface. 
Under such circumstances we cannot doubt the imperious necessity of the furnace-forcing system. 
Again, let us examine the tube and furnace surface of one of the Holyhead steam-packets of 750 
nominal horse-power : — 

Tube-surface in eight boilers, with 40 furnaces, in square feet .. .. 15,600 

Furnace ditto 1,960 

Back, side, and top of uptake 1,108 

Tube-plates between the tubes 316 

Total 18,984 
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We here eee again how much larger in pn^rticm is ihia nominal tttbe-mrface than that of the 
fumtuxy and how much more serious is anv default in its efficiency, there being in this case 20| 
superficial feet of tube-surface per nominal horse-power. In these boilers the tubes are 6 ft. 2 in. 
long, and but 2) in. diameter. 

Again, we have the iron-clad steam-vessel, the * Warrior,' the type of whose boilers, according 
to the published accounts, is identical with that of the Holyhead steam-packets, but with both 
tubes and grate-bars 6 in. longer. In this vessel there are no less than 4400 brass tubes of 6 ft. 
6 in. long by 2} in. inside diiuneter. In the new war-vessel, the * Octavia,' we have the same 
identical type of boiler, and excess of tube-surface. 

In oppobition to all this, Williams stated that in one of the most efficient boilers, as regards the 



sufficiency of steam, in the fleet of the City of Dublin Company, the tubes are but 3 ft. long, and 
the relative proportion of tube-surface to flue-surface is but as 2^ to G^ the nominal horse- 
power. The contrast is most remarkable. The merit of that boiler doubtless arises from the 



circumstance, that the shortness of the tubes leaves a large chamber for the combustion of the 
gases to complete itself in before the products approach the tubes. 

Now, how are we to account for the fact that the several designers of the boilers before spoken 
of have adopted almost identically the same description of boiler, with the same objectionable 
features ? At first sight, it would appear that idl hi^ been convinced of its practical superiority. 
This would be a reasonable inference had it been the result of well-establisned experience. No 
experiments, however, having been made for testing the heat-transmitting power of tube-surface, 
apart from other considerations, we have no alternative but that of attributing this singular 
coincidence to the desire of avoiding that responsibilibr which wonld attach to any great deviation 
from existing practice. Here, however, we have, in all, the same objectionable length of furnace- 
grates— the same absence of all means of admitting air to the generated gases — ^the same want of 
sDace between the fuel and the tube-face plates — and the same absence of a combustion-chamber, 
although all improved locomotive engineers are studious in providing such means of promoting 
the use of coal on the railroads. 

The great error into which we have fallen, in the absence of experiment, is an over-estimation 
of the heat-transmitting property of the tube-surface. In our calculation of the steam-generative 
power of the boiler, we assume it to be always proportional to the number of square feet of the 
surface exposed. Now, this calculation is made without reference either to the rapidity with 
which the cuftxmt of heated products passes through the tubes— to the diminishing rate at which 
the tubes transmit heat in proportion to their length— or, worst of all, to the direction in which 
these products strike or impinge upon the tube-surface. If it were true that each square foot of 
metallic surface really possessed a given or known amount of heat absorbing and transmitting 
power, whatever that might be, an increased number of eqnare feet would necessarily represent a 
commensurate increase of the steam-generative power. The real value of the so-called heating- 
surface, however, depends on so many contingencies, that calculations based on the mere gross 
area of surface exposed must be utterly valueless. We have here, then, the important question 
raised,— What value are we to attribute to such surfaces? The single fact of the very hish 
temperature of the escaping products in the chimneys of marine boilers, is alone conclusive of the 
deficient heat-tiansmitting faculty of the surface of the tubes. Our purpose, then, should be, not 
to increase the number or length of the tubes, or the sum of their surface-areas; but to render 
these surfaces more eflective as heat-transmitters. In manifest neglect of this purpose, we find in 
the boilers of the most recent construction, and even in war-vessels, the greatest nossiole number 
of tubes, and of the greatest length, crowded together without regard even to tne water^paces 
between them, which are often restricted to but half-an-inch. The result is, that in the absence 
of sufficient water-spaces, particularly at the end where the heat first strikes the face-plate, the 
tube-ends are exposed to the greatest heat, and thev soon begin to weep ; the face-plate itself 
begins to crack, and the space where the water should have the freest circulation becomes choked 
up with the solid matter of incmstation. ^Samples of this matter here exhibited afford sufficient 
proof of the fact. 

Wye Williams remarks that, in a recent publication, we are told that ** marine boilers require 
5 sq. ft. of heating-surface, and one-fifth of a square foot of fire-grate surface for every indicated 
hoise-power.** Here is a calculation supposed to be based upon some reliable data; we shall see, 
however, that all such calculations are out as the "^ baseless fabric of a vision.'' It may be asked, 
indeed, if the writer had ever inquired what the value of a square foot of heating-surface, or of 
fire-grate surface, really was ? Yet, from the affected precision of the author in other respects, 
we might be led to suppose that both had been reduced to some standard, or in fact were constants. 
Nothing, however, can practically be more vague and misleading. The value of a Minare foot of 
tre^rate surface, for instance, will depend : first, on the nature of the coal as bituminous or 
otherwise ; second, on the quantity of gas it produces ; and third, on the amount of draught 
passing through the furnace from the ash-pit. On the other hand, the value of a square foot 
of AMiiN</-surface will depend mainly on the direction in which the current of heateci products 
obtains contact with the metallic surface. This last, thouffh the main element of success, vet, 
Strang to say, is the very one which is not only overlooked, out absolutely ignored in all modem 
practice. 

Of the practical errors committed in the mode of estimating the steam-generative value of 
the tube-surfacea, we have an instance in a recent publication professing to ^ve the results of the 
most improved systems, where it is stated, as a leading principle, that direct impact with the heat- 
absorbing surfaces should be atfoided. That this is a prevailing enor is confirmed by Bobert 
Murray, who, in one of his publications, has laid it down as a principle, that ^eibovfM are to be 
avoided f* in other words, that the current of heated matter passing through flues or tubes should 
not be broken, bent, or interrupted, or the straight line of their course disturbed. Now, said 
Williams, in the paper from which this extract is taken, I am prepared to prove, on the oootraryv 
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that the direct reversid of this instruotion is essential to suooess ; and npon this I insist. If the 
author had said, that the direct impact of fiame should be avoided, with the view of preventing 
the formation of smoke and soot, he would have stated a correct chemical fact. Diroct impact 
of the heated products, after the combustion of the carbon of the flame, is, however, precisely 
what should be promoted. Practically, it will be shown that the absence of direct impact is the 
main source of inefficiency of modem tubular boilers, and the cause of that great escape of heat* 
by which the uptake and chimneys of marine boilers are so over-heated and destroyea. And in 
this respect, I hesitate not to say that the multitubular system is largely and radioUly deficient 
in the neat-transmitting faculty. The main point, then, for consideration is, how to make any 
given surface more effective as a heat-transmitter, and what are the conditions on which the 
transmission of heat depends. This, ccBteria paribus^ as regards the rate of current of the heated 
products, will depend on the direction in whidi those products are brought into contact with the 
plate or tube-surface — ^whether by a direct^ diagonal, or parallel action. On this point it mav be 
stated, as the result of actual obscurvation and experiment, that a square foot of surface on which 
the heated current strikes with a direct impact (that is, at right angles to the surface) will be 
equal to 4 ft. where the direction is diagonal, and to double that where the current runs parallel, 
or in the same plane as the metallic surface. In estimating the action of a heated current 
passing through tubes, we ordinarily overlook the fact that gaseous matter (that is, the products; 
after combustion), whatever may be its temperature, radiates but little, if any, heat. Radiation 
can alone proceed from solid matter. It is this which enables visible flame to radiate so power- 
fully ; visible flame being merely an aggregate of myriads of solid carbon atoms, still unconsumed, 
and at a white heat, or, as estimated by Davy, at 8000°. Now, the products of flame, after' 
combustion, and when passing through the tubes, are transparent, and transmit little or no heat 
by radiation. It is by their contact alone with the metallic surface that heat is communicated 
and transmitted. 

Again : that but little heat Ib transmitted when smoke is formed in a flue or tube, Williams 
goes on to say, I have repeatedly proved, by the introduction, through the smoke-box, and into the 
tubes, of an iron rod, to the end of which were attached pieces of paper and shavings. After 
remaining some time, they have been withdrawn, yet, although their outsides have been covered 
with blade soot, their inaides have not even been discoloured bv heat. When, therefore, we see a 
volume of smoke issuing from the chimney, we may be assured that the tubes are {uU. of it, and 
that the temperature within them is not much greater than the hand could bear. 

Let us now suppose a column of heated products entering and passing through a tube, as a 
cylindrical shot does through a cannon. Contact is then alone obtained between the outside seo- 
tion of such column and uie metallic sur&ce. This section having given out as much heat as 
possible in the fraction of a second (the time which its transit occupies), the interior portion of 
such column passes onwards undisturbed, carrying its initial temperature to the exit. In no 
other way can we account for a column of products above 600^ of temperature, passing continuously, 
and for hours, through and along the interior surface of a tube, and yet giving out no more heat 
than can keep the water at 180°. 

Let Fig. 880 represent a longitudinal section. Fig. 881 a cross-section at the entrance, and 
Fig. 882 a similar section at the exit of a tube. The several lines are here supposed to represent 
the sections or strata of the heated products passing through it, entering at a temperature a! 700°, 
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and issuing at 540°. In this case, the outer section, being next, and in contact with, the iron-tube 
surface, will give out heat, and be reduced, say to 800°, on arriving at the end of the tube. But 
what is to cause any interchange of position between it and the other strata ? 

To sum up the objectionable features of the tubular system — as exhibited, for example, in the 
accompanving diagram. Fig. 883, which represents a boiler of the modem type, as fitted in a large 
packet belonging to the City of Dublin Steam Packet Company — they consist : 1st. In an extreme 
length of fire-bar surface, often amounting to above 7 ft., a length which absolutely precludes the 
pOBsibiUtv of a stoker keeping the back-end sufficiently covered by fuel. 2nd. In long shallow 
fumace-cnambers, in which the solid fuel on the bars necessarily occupies the entire space, reach- 
ing to the very crown-plates, as shown in the diagram — an arrangement by which neither time nor 
space is allowed for that gradual mixing and diffusion of the air with the gas generated from the 
mass of fuel, whidi are the sine qua non of perfect combustion : in this respect we have the ordinary 
practice directly opposed to the sound conditions stated by Mr. Murray, when he describes the 
value and necessity of "large and high furnaces.** 3rd. In the absence of due provision for the 
admission of the air either in suitable quantity, proportioned to the large evolution of gas, or in a 
manner adapted to its admixture and diffusion with the gas. 4th. In long and shallow ash-pits, by 
which the air, instead of gradually ascending through the bars fitom front to rear, is forced into a 
rapid current towards the farther end, where it is forced upwards with increased velocity, through 
the fuel on the farther ends of the bars, with the force of an artificial blast, causing a rapid com- 
bustion in that quarter, and thus leaving the bars uncovered, and the air free to pass upwards in 
a mass. 5th. In the absence of provision for the admission of a supplementary quantity of air 
behind the bridge. It is evident that where the fhmace is long and shallow, as in Fig. 883, the 
fuel considerable, and the gas evolved necessarily great in quantity, any air that could podsibly be 
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introduced at the door- end mnst be wholly insnffioient for the oombnstion of that cas. In such 
the required quantity of air raust be supplemented from the ash-pit and behind the bridge. The 
engraving, Fig. 884, shows the mode in which this was effected, and the air introduced throu^ a 
series of ^-in. holes in one of the City of Dublin steam-packets, and with decided success. The 
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cost of the apparatus was too insignificant to merit attention. 6th. In the want of sufficient space 
between the bridge and tubes, as a chamber in which the necessary admixture of the air and the 
gas may be effected for combustion. Experience proves that, whatever may be the construction of 
the furnace or the boiler, a distance of from 6 to 8 ft. is absolutely necessary for that purpose. In 
this respect, boilers on the plan of the *■ Great Eastern's ' are peculiarly objectionable, no space 
whatever being allowed for tne combustion of the large volume of gas generated from, each of two 
long furnaces, which meet at the middle, and practically form one furnace of 18 ft. in length. The 
result is that much of the gas passes unignited and unconsumed through the tubes, to m ignited 
at the wrong end, and in the smoke-box, where it meets with a supply of air coming from those 
other furnaces in which the fuel at the time happens to be in a clear state, and their bars to a great 
extent uncovered. 7th. In an unnecessary and injurious length of tube, which is but slightlv 
instrumental in producing steam, as will hereafter be shown, while it occupies a large space, much 
of which might have been appropriated as a chamber for the combustion of the gas, as is done in 
the most approved locomotives. 8th. In the absence of sufficient space for the presence and cirou- 
lation of the water between the tubes, and especially at the end nearest the face-plate, against 
which the flame strikes with peculiar energy. In this respect, the marine tubular Doiler labours 
under a serious disadvantage from which the locomotive is exempt. In the latter, the space occu- 
pied by the tubes and the furnace compartment is separate, the steam generated from each having 
its own proper place for its ascent, ui the marine ooiler, however, the tube series being placed 
directly over the furnaces, the great mass of steam generated directly from the latter has to work 
its way in its ascent through spaces which are not above } or | of an inch between the tubes. 
The result is that the tubes are surrounded by the mass of steam rising fipom the furnaces, and 
which practically drives the water before it, leaving the tubes without any. In this respect, the 
system is again directly the reverse of that very properly insisted on bv Robert Murray, when he 
says, " that the steam should have a ready escape from every part of the heated surface." ■ In 
the marine boiler we see that, instead of a ready escape, it has the greatest mechanical obstruc- 
tions to contend with. 

I must be allowed hero to remark that the evils which I have pointed out are not peculiar to 
the boilers of any particular vessel, or set of vessels, but are to be found, on the contrary, in many 
of the finest and best ships in existence, including, the * Warrior ' and * Octavia ' men-of-war, the 
fast Holyhead packets, and many other first-class vessels. It is not, then, to be wondered at that 
the coals most in favour are not those which would give the greatest calorific effect, if duly con* 
sumed, but such as would avoid the issue of dense smoke, and thus give the appearance of 
economy. It will be presently shown that the absence of smoke, in some descriptions of Welsh 
coal, U no proof of greater heating powers, or of a more economic fuel. 

Looking, then, at the comparative inefficiency of the tubes, as steam generators, with the 
exception of the first 12 or 18 in. (which includes the action of the face-plates}, and looking also 
to their peculiar position, we see them in the very place which, mecnanically and chemically, is 
most appropriate for the combining action of the gas and the air — ^in a word, for a combustion- 
chamber. There appears, then, no alternative but that of dispensing with the use altoge^er of 
long straight tubes or fines. In truth, we cannot separate the existence of straight tubes from 
the vice of having the current of heated products passing in the same plane and direction as the 
surface through which the heat is to be transmitted. In this abandonment of the straight-tube 
system, it must be confessed that there are commereial difficulties which, it may be feared, will 
materiallv retard this useful chan^. On discussing the subject with a well-known engineer, and 
lowing him, practically, the inutility of the tube-surface, particularly where long tubra are used, 
Williams continued to say, I was struck with the difficulty of obtaining his assent, while all 
other witnesses expressed their entire conviction in what they saw produced in the experimental 
boiler. On his departure, however, the mystery was solved, and mv surprise at an end, when I 
was informed that he was largely connected in Birmingham, and even with a patent for an 
improved mode of welding them. It was thus manifisst that personal interest was directly 
opposed to change,. conviction, or improvement. 1 mav here add that I understand several engine 
and boiler makera are in the same position, and have largely invested capital in the manufacture 
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of tubes. This, while it aonmntfl for the difficulty in the way of improying our boiler syBtein, 
increases the fear of its requiring a lengthened period before the necessary change and improve- 
ment shall be realized. 

Under these oircumstanoes, I may perhaps be permitted to suggest that the Admiralty, who 
can have no personal interest in the manufacture of tubes, have it in their power to do the publie 
a most essential service by instituting inquiries into those practical defects of the tubular system 
to which I have drawn attention, and by lending their high influence to remedial changes. It 
would be a great stimulation to the progress of marine engineering if they would do this, and would, 
at the same time, institute more complete and satisfactory tests of their steam-ships. Mther in 
place of^ or in addition to, the ordeal of the measured mile, let them institute lengtnened runs at 
sea, as is done with Clyde-built vesaelsi, where the trial-txips generally involve a run from Greenock 
to Liverpool. In these trials let the Admiralty require ofllctal retoms involving the following par- 
ticulars : — 1st. The speed an hour ; 2nd. The actual weight of coals used cm hour ; 3d. The <fegree 
to which smoke is produced or avoided ; 4th. The temperature of the stoke-hole ; 5th. The tempera- 
ture of the escaping products in the uptake, ascertained by the pyrometer; 6th. The wei^it of 
clinker and its peculiarities ; and 7th. The weight of incombttstiole ash. The inspecting oiBcer 
should also be required to report u|>on the extent to which forcing of the fires may have been 
resorted to. 

It vrill be observed that these returns involve the qualities of the fuel employed, and of its 
fitness for use in the furnaces of the particular ship teiied, as all such returns undoubtedly ought 
to include these particulars. In order to show that there is no great difficulty in obtaining such 
particulars, I may mention that they are all attended to in the tests of coal, made by their 
respective owners, in the test-boiler of the City of Dublin Steam-Packet Ck>mpany at Liverpool, 
ana are edl so easily and accurately determined that the tests in question at once stamp the true 
character of each description of coal. In illustration of these results, I here give a return of 
ten kinds of coal, with their several calorific values taken from the results of some of the tests 
just mentioned. 
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^The above test-trials were made at the request of the owners of the respective oollieries, for 
the purpose of ascertaining the calorific value and peculiarities incident to each coal, as regards 
oUnKer, ash, Ac. The names of the collieries or owners are purposely omitted, as the returns of 
any one kind of coal are never communicated to those of any other kind." — ^William BALvoua 
M'Allistbb, Forenum Boiler Maker to the Company. 

These only embraced the returns of the last nine months, and the tests were all made at the 
request of their respective owners, on opening new beds in their collieries. Wye Williams adds, 
I suppress the names of the different coals to avoid giving unnecessary offence to any of the 
proprietors. It will be observed that as there was no smoke from any kind of coal, and perfect 
combustion effected, the full calorific effect was obtained in every instance. This was also con- 
firmed by the appearance of the furnace, as every part of the interior was made visible by means 
of properly-placed sight-holes, as was the case in the Newcastle experiments. These returns show 
the error of estimating the so-called evaporative power of the coal by reference to the water 
evaporated by each pound weight of the coaL We even find that the description which gives the 
largest return in that respect, may, in fact, be the worst adapted for steam-generative purposes, 
inasmuch as the time occupied is so much greater. This element of time is of the highest 
importance, as regards the providing an adequate supply of steam for the cylinders. Take, for 
in«t«^nA^^ Ko. 4. There the amount of water evaporated to a lb. of coal was 10*20 lbs., yet there 
were but 1707 lbs. evaporated an Aoiir— during the time required for the evaporation of the tank 
Kill, of ^000 lbs.^^wy, in all, four hours forty-one minutes. Whereas, in the case of No. 7, though 
there were but 8-92 lbs. evaporated to a lb, of coal, there were no less than 2232 lbs. evapora^ 
an hoftr, the 8000 lbs. being evaporated in three hours thirty-five minutes. A further illus- 
tntion of the importance of attending to the mode in which the several kinds of coal enter 
into combustion, as Peroy has well observed, is shown in the following returns, where five kinds 
of coal were tested, and the temperatures in the fines and of the escaping products were both 
noted : — 
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In Koa. 1, 2, and 4, of the annexed Table the largest development of gas, and consequently the 
highest temperature (assuming that perfect combustion was realiie^X was at the end of each 
charge of twenty minutes (the temperatures were taken at intervals of a minute), whereas, in 
Nos. 3 and 5 the maximum temperatures were attained at the end of sixteen minutes and eight 
minutes respectively. This latter is the coal preferred by the Dublin Steam Company. Williams 
adds, I am sure it will be acknowledged that these tables contain much valuable information 
which is omitted from the oi&cial returns required by the Admiralty when steam coals are tested ^ 
for them. In those returns no account is taken of the gross time employed in the evaporation of' 
any gross weight of water ; neither are we told what temperature was obtained for evaporative 
purposes ; nor what escaped in the state of waste heat ; nor how far combustion was iMtrfeot, as 
mdicated by the presence or absence of smoke in the chimney. We see in them no inaication of 
the use of that valuable and all-important instrument the pyrometer, without which it is impossible 
to form any correct estimate of the calorific or commeidal value of any kind of coal. 

Feeling so deeply the inefficiency of the tubular system as now generally adopted, I have 
endeavoured to substitute for it some more effective one, bearing in mind, of course, the necessity 
(to which I have before referred) of ensuring the direct action of the hot products of combustion 
upon the heating-surface. My endeavours in .this respect have not been successful. I have 
arranged a form of tube, or rather flue, which presents a series of surfaces against which these 
hot products will strike at right angles, or nearly so, and consequently transmit a larger quantity 
of heat to the water in the boiler. As this, however, would oe of comparatively small effect 
unless accompanied by other material changes in the details and construction of the boiler, and 
the removal of the several evils already enumerated, I propose here detailing those alterations and 
prindpleL with their influence, chemically and practi(»dly, which go to the formation of a perfect 
Mnler and its furnaces, namely : — 

Istly. That in the construction of a boiler, the proportions of its several parts, in particular, 
its length, from the door to the back-end, should be determined by considerations basea on giving 
effect to those processes and principles on Irhich the combustion, chemically considered, of the 
constituents of luel — solid ana gaseous-nlepends. Without regard to this common sense view of 
the subject, the length of boilers is usually determined by the mere area or space allowed by the 
actual width of the vesseL This injudicious proceeding appears to have been adopted for 
the sole purpose of introducing the greatest number of boilers into the smallest possible space— 
the steam-generative property of a boiler being assumed to depend on the length and area of the 
flrengrate surface, and wholly irrrespeotive of the chemical process of combustion to be carried on. 
This at once leads us to the inference that the distance between the ftiel at the bridge and the 
tubes should never be less than from 6 to 8 ft. lineal— experience having shown that it is 
impossible to effect the perfect combustion of the gaseous constituents of the coal in a shorter space. 

2ndly. That where the furnace-bars are aw>ve 4 ft. in length, from the dead-plate to the 
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bridge, and where the chamber is less in height than 2 ft. from the dead-plate to the crown of 
the furnace, there should always be provided the means of introducing a supplemental supply 
of air to the gases passing over the bridge. The mode adopted (see Fig. 884) in the Holyhead 
steam-packet, by a cast-iron plate with a sufficiency of half-inch orifices, has been found as suc- 
cessful as could be expected, hiking to the great space occupied by the tubes, and the consequent 
absence of an adeauate combustion-chamber. 

3rdly. T^t tuoes should never exceed 3 ft. in length, experience having supplied unquestion- 
able proof of the comparative inutility, as heat-generating surface, of any greater length, while it 
seriously curtails the space that might otherwise be occupied as a combustion-chamber. 

4thly. That the steam generate by the heat firom the side and crown plates of the furnace 
should dot be allowed to ascend through the tubes, or interfere with the steam generated from 
the latter, as ahmdy mentioned ; but that it be directed to pass upwards through the spaces 
between the several separate stacks of tubes. 

5thly. That the waste heated products from the several furnaces should not be directed into 
one common receptacle or smoke-box, as is done in the * Great Eastern ' and * Warrior; ' but that 
the furnaces, being set in pairs, their products should be kept in pairs, until, passing through the 
uptake, they arrive at the base of the chimney. The reasons and proofs which influence this 
arrangement are numerous, but cannot be here detailed for want of space. 

6tnly. Boilers should be so placed that the furnace-doors should face the fore part of the ship, 
by which the material draught caused by its velocity would come in aid of the direction of the 
air into the ash-pits, and through the apertures in the ftamace-door boxes. 

In reference to Priming, Murray observes :—** When the ebullition inside a boiler is so rapid 
and violent that water rises with the steam, and is carried over with it to the engines, the boiler 
is then said to prime. Besides the danger to the machinery which always attends this propensity, 
it entails a serious loss of heat, carried off by the water which boils over or is forced up the waste- 
steam pipes." If this be a correct description of the process of priming, the tubular system has 
much to answer for the evil, as being peculiaHy subject to this " propensity." In consequence of 
the violent transmission of heat, caused by the large surface of the face-plate exposed to the 
direct action of the flame, as already described, there is the greatest tendency to that local and 
violent ebullition by which the liquid matter is forced upwaids, and which is no doubt the main 
source of priming. It may here be observed, however, that the idea of a '* serious loss of heat 
carried ofi* by the water," is erroneous, and arises from the supposition of the water being heated, 
and having absorbed a given quantity of heat. Now, so long as the water particles retain their 
liquid form, they have taken up no heat, and can, therefore, carry none along with them, 
nilliams here remarked, '* I am sorry to have to refer to a work of my own, but I have taken so 
much pains to establish this doctrine in my recent work, ' On Heat in its relation to Water and 
Steam, embracing New Views of Evaporisation, Condensation, and Explosion,' that I trust I shall 
be excused for referring to it here." The true loss and injury occasioned by the water being 
carried over in the process of priming, arises — Ist. From the liquid particles taking up heat from 
the inside of the cylinder into which it is carried, and by which a cooling effect is produced ; 2nd. 
From the particles carrying a large portion of the salt and other impurities with which the water 
may be impregnated, and which to a considerable extent produce an injurious effect upon the 
valve-facings. " Priming," Mr. Murray adds, " may arise from a variety of causes ; but the usual 
one is a too contracted steam-space over the water of the boiler. For where the reservoir of steam 
from which the engines are supplied is very small, there must be constant pulsations of pressure 
in the boiler ; and each time that the surface of the boiling water is relieved of a certain amount 
of pressure by the rapid withdrawal of a cylinderful of steam, it boils up with ereat violence." 
This is unquestionably true. It must not, however, be forgotten that the prevailing practice of 
using higher pressure, and cutting it off, for the sake of expansion, greatly increases, if it does not 
produce, this very serious evil of a constant pulsation of pressure. We cannot, therefore, have the 
Denefit of the expansion principle carried, as it now is, to so great an extent, without the con-" 
current evil of having the liquid matter carried even into the cylinder by these frequent pulsations. 
This is peculiarly the case where the cylinders are large and the expansion process is carried out 
to a great extent. 

I must, however, insist on the fact, that the violent local ebullition, peculiar to the tubular 
svstem, produced immediately behind the face-plate, as already explained, is the main source of 
the evil of priming. This is well exemplified in the case of new boilers, and on their first trial. 
The face-plate being then clean, both inside and outside, and the water-spaces being fully charged, 
and without obstruction to the water's circulation, the transmission of heat through that plate is at 
its mfiTimiiTn ; and the generation of steam greater there then than it ever can be afterwards. 
The violent ebullition immediately behind the face-plate is far in excess of what can be conceived 
by those who have not had the means of personal inspection. None but an eye-witness could have 
an adequate idea of this local action, or of the mass of water thrown up immediately behind the 
face-plate, with the spray driven off in large quantities ; while the other parts of the water-surface 
are comparatively tranquil, or exhibiting but the ordinary effect of moderate boiling. It was this 
fact which first drew my attention to the action of the face-plate. I observed thaCthe boilers of 
the * Warrior,* like those of too many other vessels, were reported to have been exposed to priming on 
their flrst trial ; and when I look at the immense extent of face-plates in which the 4400 tubes are 
inserted, I cease to wonder at the violence of the local ebullition, or at the priming which resulted 
from it. As the continued use of a boiler causes a considerable diminution of water-space in the 
rear of the face-plate, by the incrustation which is there rapidly produced, on account of the great 
heat to which it Ib exposed, we can readily explain the suosequent diminution of priming when 
the boiler has been some time in use. 

Hitherto we have had no sufficient explanation, chemically or otherwise, of the canae of 
priming. When, however^ we examine closely the act of ebullition, we shall have no difficulty 
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in oomprahending the rationaU of the prooeas by which the water particles are thos separated 
and thrown up, and carried by the force of the current out of the boiler. Each bubble formed in 
a liquid is a spherical or semi-spherical mass of aeriform matter. In the case of boiling water it 
Ib of pure steam enclosed in a spherical envelope of liquid particles, formed by the repellent force 
and divergent action of the several steam particles. The liquid particles, on the other hand, by 
reason of their individual attraction and cohesion, sustain that continuity which forms the enve- 
lope. When eadi globe or envelope bursts, the liquid particles of which it is composed are 
scattered, and, as it were, explode^ and then carried forward to the cylinders. Looking, then, 
to the violence of ebullition, and the quantity of liquid spray thrown up immediately behind the 
face-plate, and in no other place, we are enaoled to appreciate the source and nature of priming, 
and the part whidi the tubular system and its face-plate act in producing this result. The 
pulsations, then, spoken of by Murray, are not by any means the main cause of priming, but are 
merely seoondary to that violent and local ebullition so peculiar to the action of the faoe-plato. 
We see this result of ebullition in the common operation of distilling wator for chemical purposes. 
When the distQlation is carried on rapidly, ana the wator is made to boil violently, the so-called 
distilled wator is found impure to such an extent as to require a repetition of the process, and a 
double or treble distUlation. To obtain pure water from the still, the heat should not be allowed 
to exceed 200°, when ebullition begins. 

On the subject of Superheating there seems to be much confusion. The term *^ superheating 
the steam " necessarily implies an increase in its temperature. When, however, we examine the 
operation, we find that, practically, we merely increase the quantity of available steam. Steam, 
as an elastic fluid, resembles air as regards the difSculty of increasing its temperature ; so that 
anything to be gained in this respect from the action of the heated products passing to the 
chimney, as wasto heat, must be very insignificant. In truth, all we do by the process is to 
vaporize the liquid particles, which, more or less, always acccompany the steam generated from 
water at what is called the boiling-point. If a given quantity of steam in the boiler oonteins, say 
10 per cent, of liquid particles, their conversion into steam is of e^ual value with the vaporization 
of any other 10 per cent, of the water in the boiler. In addition, however, it has the further 
advantage of relieving the cylinders from the presence of so much liquid matter. In high- 
pressure engines, as in locomotives, this is not of such importance, inasmuch as the liquid par- 
ticles are driven ofiT with the steam as each cylinderful is discharged. In the case of condensing 
engines, however, the advantage arising from the absence of liquid matter, and what is termed 
dry steam, is considerable. 

^ All boUers," Murray observes, " are subject to the loss of a certain quantity of heat contained 
in the water which passes off with the steam in the shape of a fine spray. When much of this 
mixes with the steam, the latter is said to be 'wet'; but it is believed that all steam raised in 
the ordinary way is tnus more or less charged with water in a state of fine subdivision.'* This 
h%s already been considered when speaking of priming. Murray goes on to say : — " To evaporate " 
(more correctly speaking, to vaporize) ^ and utilize this water is one of the principal advantages 
of surcharged or 'superheated' steam." He might have gone further, and have said that this is 
the sole advantage gained by this much-extolled process. That this is even Murray's opinion 
may be assumed from the following brief, and, I believe, just summary, namely: — ''The very 
high rates of economy are i^own by those boilers which were previously the worst to keep steam 
with, and which required very hard flrins to do so ; those addicted to priming and wet steam rank 
next in apparent economy ; while those boilers that show the least were originally the best speci- 
mens of their class." This at once raises the question whether it would not be bettor to have the 
boilers so constructed that they should have no spare heat to be so applied ; for whatever heat ia 
BO applied would have been more economically and efficiently employed in generating steam in 
the first instance, rather than in being allowed to escape, as waste heat, for the employment of 
which this superheating process, and the other process of heating the feed-water, have been 
invented. Whatever degree of success accompanies either of these processes will, in fact, be 
in the ratio of the wasto heat ; that is, in proportion as the boiler is deficient in the legitimate 
application of the heat generated by the combustion of coal. Thus, the more imperfect are the 
boiler and its furnaces in promoting perfect combustion, and thus realizing the full calorifio 
power of the fuel, and in applying the heat so generated, the greater will be the apparent advan- 
tage of heating the steam of the feed-water. 

Bobert Murray being selected from among many modem engineers who entertain similar 
views respecting boilers, it is only right to add R. Murray's reply. Writing to the secretary of 
the Inst, of N. A., Murray said : — " Having been imable to attend the last meeting of the Insti- 
tution of N. A., I am glad to be allowed this opportunity of replying very briefly to Mr. Wye 
Williams's remarks upon certein portions of a paper of mine, read before the Institution in the 
spring of 1860. While doing so, I would wish to express my hearty appreciation of Mr. Williams's 
long and valuable labours in the peculiar branch of engineering science to which he has so 
ardently devoted himself ; but, at the same time, I must confess to a doubt whether he is not 
riding his hobby rather too fast. It is my lot to see many pet contrivances and fondly-cherished 
theories sent off from this port of Southampton on a cruise into the wide world ; and of these, 
when separated from the fostering care of their parents, very few indeed ever live to come back. 
This sad spectacle, in place of enlarging our sympathies, tends I fear to make us practical men 
only the more hard-hearted and unbelieving. I admit, however, that a little poking by such 
men as Mr. Wye Williams is good for us. 1 shall now attempt to meet some of Mr. Williams's 
objections. 

" With regard to the much-vexed question of ' smoke-burning,' I still maintain that in the 
furnaces of a marine boiler ' it is not always an economical process ;' and further, that ' consider- 
able caution is necessary for the due reg^ation of the quantity of air to be admitted for this 
purpose.' It is of course apparent to every one, that the furnace demands a large quantity of 
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Atmospherio air at each reouning period, when the fresh charge of coal is undergoing the process 
of distiUation, and therefore parting with its gaseous constituents. This state of the furnace, 
however, lasts for only two or three minutes out of eyeiT ten ; and if the rush of cold air were to 
be continued after the fire has burnt clear, and there is only incandescent carbon on the bars, a 
most damaging effect would be produced by the cooling of the flues and tubes. It becomes, then, 
a practical Question, whether tne quantity of air to oe admitted can *be readily and properly 
adjusted to tne condition and requirements of the fuel in the furnace. That with an experimental 
boiler worked by trained stokers, either on shore, or on board ship, this can be done so as to show 
a high degree of economy, no engineer will doubt ; but the question still remains, Can we place 
sufficient dependence upon the oidinary fireman to be found on board a steamer, as to leave it in 
their power -to inflict a serious injury upon the boilers by their stupidity or neglect ; or will it not 
be preferable to adopt some simple and flxed arrangement for this purpose, which will not be 
dependent for its efficacy upon the precarious attention of the stokers ? This may be done to 
some extent by self-acting apparatus ; but whenever such has been fitted on board a steamer, it 
has been (so far as my experience goes) invariably abandoned after a few months' trial. It would 
appear, in fact, that the usual conditions of the stoke place of a sea-going steamer are incom- 
patible alike with any great amount of discriminating attention to be expected from the men, or 
with the satisfactory working of a piece of nice mechaniem left in their charge. There can, I 
think, be no objection to admitting a small and fixed quantity of air through a perforated plate 
behind the firo-bars (as shown in Williams's woodcut. Fig. 884), if this be done judiciously. 
The danger in such a case lb, that the neighbouring plates may suffer harm from being one 
minute intensely heated as by the fiame of a blow-pipe, and the next minute chilled by a cold 
blast after the flame has been expended, the continual expansion and contraction thus induced 
tending to weaken the plates by throwing iron-scale off their surface. It is therefore, perhaps, 
the sa^er plan to keep oy the more ususi expedient of admitting the air through a number of 
small holes punched m the fire-doors, say |-in. holes at the dis^ce of 1} in. from centre to 
centre, which appears to answer every purpose, the door itself being slightly opened when more 
air is wanted, llie bars must at the same time be kept covered with a thin fire, through which 
the air can penetrate, and not smothered with coals as snown in Ifr. Williams's woodcuts. 

'* As to tne alleged deficiency of absorbent power in the. tube-surface of a marine boiler, there 
can be no question but that Mr. Williams's statements and conclusions demand the most careful 
and anxious consideration. I confess myself so far a convert to his views, that I would be glad to 
see the tubes curtailed in length to such an extent as to admit of a considerably larger space than 
is usually allowed between the ends of the bars and the tube-plate. That the first portion of the 
tubes should be so much more effective than the rest may, I think, be explained by supposing 
that the fiame penetrates through them to this distance only, becoming then extinguished by the 
reduction of temperature in the tubes, in the same way that it cannot pass through the meshes of 
the wire gauze of the miner's lamp. That the remainder of the tubes should not absorb more 
heat from the gases in their transit, is certainly a very remarkable and unlooked-for result. The 
use of tubes of not less than about 3| in. diameter seems preferable, as allowing the flame to 
penetrate further through them. 

" While speaking of * priming,' lir. Williams remarks that my expression of a ' serious loss of 
heat being carried off by the water ' is 'erroneous.' The extent of this loss is evidently just so 
much caloric as was necessarv for raising the ejected water from the temperature of the feed 
to that of the water in the boiler. 

"' Lastly, with regard to superheated steam, it is now pretty well understood thnt with a tempe- 
rature of from 280^ to 300° Fahr. in the steam-pipes we have all the advantages of whidi the 
process is capable without endangering the valves and packings of the engines. I must differ 
from lir. WUliams, however, in thinkmg that its *sole' advantage is the vaporization of the 
watery particles contained in the steam, as I think we derive an almost equal advantage from 
the saving of condensation in the pipes, ports, and cylinders." 

Mr. G. Wye Williams, writing to the secretary respecting the above remarks of Mr. Murray, 
said : — * In reference to Mr. Murray's additional remarKs, I have only to express my belief that his 
objections are severally and substantially answered in the extracts I have nven from the report 
of Messrs. Armstrong, Richardson, and tongridge, on the proceedings at Newcastle (page 440). 
Hlb remarks on the admission of air and * smoke burning ' seem to be the result of an oversight, 
on his part, as to what my plans and recommendations really are. My regret at this is the greater, 
as he has himself fully absolved me from the charge of suggesting speculative remedies, when he 
adds : — * I see no objection to admittinga small and flxed quantity of sir through a perforated plate 
behind the flre-bars, as shown in Mr. Williams's woodcut, Fig. ^34.' A^in, Mr. Murray says: — 
* It is, perhaps, the safer plan to keep by the more usual expedient of admitting air through a num- 
ber of small holes in the flre-doors, which appears to answer every purpose.' Had Bfr. Murray 
looked further he would have found that this 'safer plan,' which 'answers every purpose,' is 
identically what I adopted under my patent of 1888, ana was that exclusively used by me at the 
Newcastle experiments, which lasted twelve davs, the claim of the patent l>eing, ' The use, con- 
struction, and application of the perforated air-aistributor, by which the itmospheric air is more 
immediately ana intimately blended with the combustible gases generated in the furnace.' 

" As to the deflcienoy of the heat-transmitting power of tubes, which it was the main purpose 
of my paper to describe, Mr. Murray says all that was necessary in conflrmation of my views, and 
in givmg them the benefit of his concurrence, when he adds : — ' As to the alleged deficiency of 
absorbing power in the tube-surface, there can be no question but that Mr. Williams's statements 
demand the most careful and anxious consideration. I confess myself so far a convert to his 
views that I would be glad to see the tubes contracted in length to such an extent as to admit 
of a cfoisiderably larger space than is usually allowed between the ends of the bars and the 
tube-plate.' If this be done, it will remove one of the impediments, both to the full combustioii 
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pnwtloal work on Marine Engineerine, to whioh ire ue indebted for msa; of our ezsmplM of 
muiQe boilers. The Ore-box and combastioH'cbBiiiber are i»rtiall; eenustea by a brick bridge. 
The tabes liave a slight rake mclioing upwards at the smoke-boiL end, this end being the flnal 
evaporalot. Tlie vertical tnbes in the upper portion of the smoke-boi are for snperheeling. TI19 
fire-bars are inclined towards the inner extremities for two purposes, the one to assist the action of 
stoking or agitating the Sre, and the other to soceleiate the draught — it being remembered that 
the greater portion of the diauj^ht enters below the bars. Fig. SS6 nhows an enlaced front eleva- 
tion of the same, half complete and half in section. 

Figs, gST, SSS, 889, show an end elevatioo, sectional plan, and teotional elevation of the boQen 
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Sfd^itul plan. 

boiler. The fire-boxes are fore and aft of the shell at the side. The combuetion-ebamben, em la 
each grate, are at right angles with the fire-boxes ; the tubes are amnged in a line with uid ont- 
side each fire-box, thus forming a return action. A longitudinal fine is introduced, extending 
thronghout the length of the boiler, so w to render the final nptake common to the smoke-boxes. 
On refening to the sectional elevation, it will be seen that this fiue is the same height as the 
smnke-box, a divisioDal wBter-auioe causing a complete sepatation. The fire-box is contracted at 
the base-line, also the side and bottom of the shell are angnUrl; connected. This form of oon- 
stroclion is due to the beam of the hull for which the boilers were designed. 

The details are :— Two boilers of 100 h.p. oollectivelj ; length of shell. 19 ft. 1 in. ; width of 
oneshell, 9n. Gin.; height of shell, 5 ft. 10 in. There are four flie-grates, each grote being 6 ft. 
4 in. long b; 2 ft, 10 in. wide. The fire-box is 3 ft. 6 in. deep at each end. 192 of the tubes are 
e ft. 6 In., and 192 6 ft. in length. The total number of tubes is 381, each tube being 2} in. 
outside diameter. 

Fig. 890 represents a boiler with tubes, made by Handslay, Bens, and Field, for H JIBA 
'Hntine'and 'Chameleon.' The boiler is of 66 B.P, ; the shell is 9 ft. Sin. long, 18 ft. 4 in. wide, 
and 7 ft. 6 in. high. There are fonr grates, each grate being 5 ft. ID in. long by 2 ft. wide. The 
fire-box is 3 ft. 10 in. deep. Total number of tubes 2^2. each tube being 6 ft. long and 2) in. out- 
side diameter. There are two grates to each cluster of tubes, placed near the outer side of the shell. 
The combustion-chambei' is at right angles with the grate. The tabes are placed in the oeutM 



between the flie-boxes. 1^ smoke-bosea ai 



>t the boiler-bvmt between the innv fire-boxe*. 



Fin. 891, 892, 893, 894, shoir elention, pI&iLuid Beotioni of tKs two boilen of H JI.S.S. 
'Beindeer' and'Peneiu,' bj J. uid G. Remue. They ue of 130 h.p. Length of shell, 16 (I.; 
width, 10 ft. 6 in. ; heigh^ 7 ft. 6 in. ; aii flre-Brates, 5 ft. 6 in. long bv 2 ft. 10 in. vide ; flie-boz, 
4 ft, 6 in. deep ; 528 tubes, e«ch tube being 6 ft. long and 2) in. ontslae diameter. 
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■hell i» 12 n. long. 10 ft. wide, and 7 ft. high. There *re eight grates, e«h mte being 5 ft. 9 in. long 
by 3 ft. wide. The flre-boi ia 3 ft. deep in front, and 2 ft at back. There are 628 tubes, « ft. 
long and 2} In. outside diameter. 
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It hoH t«D grates, 4 Ft. 9 in. Ions and 2 ft. 2 in. wide. The flre-boi ia 3 n. deep. Nam 
tiibes 144, each tube 4 ft. 11 in. Tang, 2} in. antaide diameter. The doon seen under the grate at 
the back, Fik. S9S, are for the admiHiion of air beyond the bridge, a suitable frajnework being 
fitted in the fire-box. The gear shown by the dotted lines and in the dome relates to the aafety- 
valve. Fig. 897 BhowB the Kombastion-chambar, smoke-boi, and uptake, in section. It will be 
•een that the tnbee connecting the coiiibuatioD.chaniber and smoke-bai are at an incline ; this is 
for the prnpose of accelerating the draught. The uptake Is cotved and aonotiDded by the steam ; 
this rendeiB partial superheating attainable without extra detail or expense. 



Scctioiul dnatioa thtougb A, B 
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Figi. 699, 900, abow tbe boOera mode by James Watt ttnd Co. for the BE. ' Tyrsaod.' They are 
of 120 B.p. The shell is 8 ft long, IS ft. wide, and 10 ft. high. There are eight grates, 7 ft. long 
and 2 ft. wide. The fire-box la 3 ft. deep in front and 3 ft. 3 in. deep at beck. There a« 520 
tubes, each tube being 5 fl. 8 in. long and 2} in. outside diameter. 

Pigs. BOI, 902. 903, 904, represent the two boilers niade by Jamea Watt and Co. for H.H.S. ' 
'Hornet.' They are of IDO h.p. Lengthof shell, 16 ft. 6 in.; width of one shell, 9 ft. 6 in.; height 
of obeli, 7 ft. 6 in. Six grates, each ^rate 5 ft. 3 in. long by 2 ft. 4 in. wide. The fire-box is 3 ft 
deep in front, and 3 ft. 6iQ. at back. There are 440 tubes, each 5 ft. 6 in. long and 2} in. outside 
diameter. 

The tubular boiler invented by Edward f- Diokerson is shown in Fig. 905. It bos two aeries 
of tubes, W and 8, tbmugb one of which series tbc water passes, and upim the exterior of which 
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the heated products of oomboBtion impinge, while the Bteam on its pusage to the outlet is nude 
to Burround and envelop tbe otiier aeriea through which the prodacts of combuBtioii ore made to 
pafis, thus HUi)erheetiDg the Hteam. The watcr-tubeii of Ihie boiler aie ao anvoged that bj remoT- 
iog dooiB or plates D, both ends of tbe tubes may he reached and deuied without going into tbe 

Fig. 906 refers to the boiler invented bv WiUiam Mont Btonn. The boiler coosiBts of a 
cjlindricst horizontal ebell, in the eentre of which are Bitnated two Sie-boics eeparated by a water- 
space. The smoke-boxes are eiluated within the water-«pace, with the pipes m,m for circulating 
tbe Bmoke to the uptake. Flues are provided for conveying air to the furnace, which run parallel 
with the generating tubes; and a vater-bead is formed in each end of the boiler for affording 
access to the outer ends of the tubes. This water.head is conneclod with the boiler bj circulating 
pijies, so that it is made to act as a generator of Bteam as well as a water-li eater. The Are passes 
right and left through the flues or tubes to the chambers >', i, and thenoe through its pioper 
oonduit to the uptake. 

Fig. 90T is an elevation in section of the marine steam-boiler of that ingenious inventor and 
engineer, Thomas Dunn, n ie the outer sht-ll of the boiler ; A, tbe fire-grate, and c, the itxif of tba 
flre-box, which ia formed of semi-elliptical plates riveted together at their edges, thereby producing 
a corrugated surface against which the products of combustion impinge : tbesa corrugatioiks give 
a larger heating-surface to tbe flre-bol and increase its Etrength. Beyond the fire-grate b ia the 
bridge d, over which the pmducts of combostion pass to the down-flue e, then through the tubes / 



forming tbe multilubnlar part of the boiler, and then into the chamber g which communicatee by 

means of the ttuo h with the chimney or funnel. Under tbe bridge d a few short tubes li" are 
inserted to admit air into the down-flue e for the purpose of igniting the inflammable gases pass- 
ing over the bridge •!. The flue j near the bridge is only opened when the Bres are just ignited ; 
but if, owing to the teahing of the vessel, the water should como in and close the lower flue A, the 
Sue j may be'opened so as to keep the engines going until the water rises in the vessel sufficiently 
to eitiuguiBh tte fires. The grate-bar m is shown in about the position of tbe fire-grates in marine 
boUers of the ordinary construction, and the grate-bar A above it indicates the level of the fire- 
grate in Dunn's boiler. 

Pig. fog is a section of another of Dunn's marine boilers. In this instance the root of the fire- 
boi is made of corrugated plates c stayed longitudinally and vertically, and the water-partitions 
n, shown in section in Fig. 909, are placed in tlie down-flue <r to absorb a portion of the heat from 
tbe products of oombuatiim in passing to the up and down flues /, which are formed by the waters 
partitions n, projecting downwards from the central portion of tbe boiler, and the partitions p 
projecting upwards from the lower i>Brt of the boiler. The cbnmber g and tbe flues A and j are 
similar to those above described in reference to Fig. 907. In this boiler the outer lide of the 
chamber g is formed by the water-partition g, and coJl^e^luenlly all the fiues and lower portiona of 
the boiler are iwrfectly water-tight, so that in caee of the leaking of the vessfl the boiler may b« 
kept in full work until tbe water rines to the level of the fire-grate i. In both the marine boilers 
«hown in FIrh. »0T. 908, the Are is applied near to tbe surface of the water, and in a most advan- 
tageous position for rapidly generating steam ; the ashes and cinders are collected in the buokela 
r, and the direction of the products of combustion is indicated by the arrows. 



Fig. 910 repreaenta « madiSoatioii of the muine boilera shown In Flga. 907, 90B. In thii boiler 
tha hwtiiig'aiiifaoe ii inoreaaed, nnd the oiiODlation pioiiiotod bj the two ieU (d toboi H and M 




placed in the flue «. The bridge d in made to oontaiQ water, and it ii oonneeted to the oonngated 
notcb; pipead<. 

Figa. 911, 912, ibov an elevation and plan of two boilara deilnild bj N. P. Burgh for a gnn- 
boat. The; are of 100 R.P. collectively, liie shell ii 10 ft. 9 in. long, each shell 12 ft. wide and 
a ft. 9 in. high. There are four gratea, 6 ft. long and S fL wide. The flie-boi i« 8 ft. deep. 
There are 780 tubes, 400 being 5 ft. 9 £11^ and 380 7 ft. 6 in. long; ontaide diameter of each tube, 

Theboilen made hy.Mftudalay, Son», and Field, for H.H.8.8. 'Ajai' and 'Edinburgh,' are 
■hown in plan, Pi^. 913. In eeeh ship there are two, of 4M H.p. ooUeotively. The shell of eaoh 
boiler ii 34 ft. (! m. long, 15 ft. G in. wide, and 9 ft. 10 in. high. There are twelTe flte-gratea, 
moh grate 6 ft. 4 in. long and 3 ft. wide. The Sre-bos is 3 ft. 6 in. deep in front, and 1 ft. 3 in. at 
back. Number of tubes, 1U6 : each tube 4 ft. 10 in. long, 2} in. external diameter. 




Elarstioii, half in wction, half complete. 
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FigB. 914, 915, exhibit eleTfttions of the boiler designed by N. P. Bnivh for a steani yaoht. It 
Ib of 25 H.P. The shell is 11 ft. 6 in. long, 7 ft. wide, 7 ft. high; one fire-grate, 6 ft. long, 2 ft. 
9 in. wide; fire-box, 2 ft. 9 in. deep. Number of tubes, 72; each tube 8 ft. long and ^ lil 
^ontside diameter. 

£. Hmnphrys' marine boiler is shown, Figs. 916, 917. The uptake is oonstruoted in such a 
manner that a number of vertical tubes may be placed in it, the uptake forming part of the main 
boiler. The yertical tubes serve as a superheating apparatus, ana render unnecessary any pipes 
or valves for conducting the steam to the superheater. 

Fig. 917 shows the tubes and smoke-box. Directly above the tubes a plate is fastened, and 
another plate is placed near the roof, the plates being connected by the vertical tubes and stays. 
The passage of the steam is indicated by the arrows. 

The boilers represented in Figs. 918 to 921 are fitted in H.M.S. 'Oberon,* 260 H.P., and were 
designed by Oapt. A. A. Cochrane and at Woolwich Factory respectively. The length of shell in 
Gapt. Goclurane's boiler. Figs. 918, 919, is 12 ft. ; width of shell, 11 ft. 6^ in. ; number of steel tubes, 
915; length of steel tubes, 3 ft. 3 in.; outside diameter of steel tub^ 1} in.; actual weight of 
boiler, 20 tons 7 owt.; actual weight of water, 12 tons 8 cwt. 1 qr. 



Heating-surface in tubes sq.ft. 

„ „ furnaces, &o „ 

Total heating-surface „ 

Area of fire-grate „ 

Capacity of combustion-chamber cub. ft. 

Aiea at throat of „ sq. in. 

„ between close tubes „ 

„ under trap or water-space „ 

„ between smoke-box door and watex^«paoe „ 

„ at mouth of uptake • „ 



TotaL 



1310-54 
337*83 
1648-37 
71-79 
157-2 
2146-37 
1942-0 
2099-5 
1799 
1728 



nominal B.P. 



To each foot 
of Grata. 



10 08 
2-6 
12-68 
•55 
1-21 
16-51 
150 
1615 
13-83 
18-3 



18-25 

4-71 

22-96 

2-19 
30-0 
2704 
29-2 
25*05 
24-0 



Capacity of boiler, 1460*5 oub. ft. ; capacity for water, 444*78 cub. ft. ; capacity for steam, 815-6 
cub. ft. 

The length and width of shell of the boUer made at Woolwich Factory, Figs. 920, 921, are the 
same as that shown in Figs. 918, 919. The height of the boiler is 12 ft. 2} in. ; number of brass 
tubes, 894 ; length of brass tubes, 6 ft. 6 in. ; outside diameter of brass tubes, 2J in. ; actual 
weight of boiler, 21 tons 13 cwt 8 lbs. ; actual weight of water, 14 tons 19 cwt. 3 qrs. 



TotaL 



Each 
nomfnal h.f. 



To each foot 
of Grate. 



Heating-surface in tubes .. .. sq.ft. 

„ „ furnaces, &c. „ 

Total heating-surface „ 

Area of fire-grate „ 

Capacity of combustion-chamber cub. ft. 

Area at throat of „ sq. in. 

„ through tubes .. .. .. „ 

„ at mouth of uptake .. „ 



1674 

234 

1908 

75 

55 

2144 

1564 

1728 



5 



5 

81 

18 



18 





12 

1 

14 



16 
12 
13 



88 

8 

68 

58 

42 

5 

03 

3 



22-08 

308 

25-16. 

*'727 
28*3 
20-63 
22-8 



Capacity of boiler, 1460*5 cub. ft. ; capacity for water, 537 cub. ft. ; capacity for steam, 369 cub. ft. 
The boilers for H.M.S. * Audacious,' 800 h.p., are made on two plans, one by Bavenhill, 
Hodgson, and Co., and the other by Capt. A. A. Cochrane. Figs. 922, 923, 924, show the boiler by 
BavenhiU, Hodgson, and Co. The number of tubes is 409 ; length of tubes, 6 ft. 7 in. ; outside 
diameter of tubes, 3 in. ; estimated weight of boiler, 22 tons 5 cwt. ; estimated weight of water, 
14 tons 5 owt. 2 qrs. 



Heating-surface in tubes 

„ „ furnaces, &c. 

Total heating-surface 

Area of fire-grate , 

Capacity of combustion-chamber 
Area at throat of „ 

through tubes 

at mouth of uptake . . 



11 

n 



sq. ft. 

n 
n 

cub. ft. 
sq. in. 

»» 



ToUL 



2208-6 
304-78 

2573-38 
87-725 
105 

3560 

2429 

1980 



•43 






&ch 
nominal r.p. 



16*56 

2*28 

18*85 

•65 

•8 

26*7 

18-22 

14-85 



To each foot 
of Orate. 



25*175 

3-47 
28-65 

• m 

1*2 
40-58 
27-69 
22-57 



Capacity of boiler, 1898 oub. ft. ; capacity for water, 519-68 cub. ft. ; capacity for steam, 483*25 
oub. ft. 
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Longitudinal sectional deration. 
916. 



TruisTena aectioiial eleration. 
917. 
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Sectional eLerataoo. 



TmnsTerse section. 
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FigB. 925, 926, 927, exhibit Capt. Goohiane's plan. The portioulan are :— Number of steel 
tubes, 870 ; length of steel tubes, 8 ft. 6 in. ; outside diameter of steel tubes, 1| in. ; estimated 
weight of boiler, 24 tons 2 qrs. ; estimated weight of water, 12 tons 8 cwt. 2 qrs. 



Heating-surface in tubes sq.ft. 

„ „ furnaces, &c „ 

Total heating-surface „ 

Area of fire-grate „ 

Capacity of combustion-ohamber cub. ft. 

Area at throat of „ sq. in. 

„ between dose tubes „ 

„ under trap or water-space „ 

„ between smoke-box door and water«pace „ 

„ at mouth of uptake „ 



TotaL 



1395-44 
518 19 

1908-68 
87-725 
2320 

29050 

3192-0 

2728*0 

2898*0 

2016 



E^ch 
DomtiuU B.P. 



10-5 
8-84 
14-34 
•65 
21 
21-7 
23*2 
20-4 
21-7 
15*2 



To each foot 
ofOimte. 



15-9 
5-85 
21*75 

3-'21 
3811 
36-4 
31-1 
33*0 
22-98 



Capacity of boiler, 1898 cub. ft.; capacity for water, 445*3 cub. It. ; capacity for steam, 488*25 
cub. fL 
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H.M.S. ^Chanticleer,' 200 h.p., is fitted with boilers designed by Gapt. Gochiane and by the 
Ctovemment Factory at Woolwich respectively. Figs. 928, 929, 930, represent those by Gapt. 
Cochrane. Number of steel tubes, 929 ; length of steel tubes, 2 ft. 6 in. ; outside diameter of steel 
tubes, li in. ; actual weight of boiler, 18 tons 18 cwt. 2 qrs. 18 lbs. ; actual weight of water, 8 tons 
llcwt.221bs. 



Heating-surface in tubes .. 
„ „ furnaces, &c. 

Total heating-surface 

Area of fire-grate , 

Capacity of combustion-chamber 
Area at throat of „ 

between close tubes .. 

under trap or water-space . 

at mouth of uptake 



n 
n 
n 



sq. ft. 

n 
»» 

cub. ffc. 
sq. in. 

n 
»» 
n 



TotaL 



Each 
nomin&l H.P. 



758-6 
241*89 

1000-49 

48-37 

158' 

2160 

1545 

I486- 

1053 



'7 







10-53 

8-35 

13-88 

•67 



2 

80 



204 




21-45 
20-64 
14-62 



To each foot 
ofGnte. 



15-6 

50 

20*6 

3-'2 
44-66 
82*15 
30*72 
21-77 



Capacity of boiler, 1384*87 cub. ft. ; capacity for water, 806*7 oub. ft. ; capacity for steam, 454*5 
cub. fL 
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Figs. 931, 932, 933, show the Woolwich Faotory boUers. The number of brass tubes, 337 ; 
length of brass tubes, 5 ft. 6 in. ; outside diameter of brass tubes, 24 in. ; actual weight of boiler, 
19 tons 2 owt. 3 qrs. 8 lbs. ; actual weight of water, 11 tons 3 qrs. 7 lbs. 



. • . • 



sq. fk. 



»» 



Heating-surface in tubes 
„ „ furnaces, &c. 

Total heating-surface 

Area of flre-grate „ 

Capacity of combustion-chamber cub. ft. 
Area at throat of „ sq. in. 

through tubes 

at mouth of uptake 






n 
n 



TotaU 



1213-2 
176-39 

1389-59 

46-51 

121-84 

1075-0 

1337-8 
888-0 



Each 
nominal h.p. 



16-84 

2-45 

19-29 

•646 

1-69 

14-93 

18-58 

12-33 



To each foot 
of Qrate. 



26-08 

3-8 
29-88 

2-62 
23- 11 
28-78 
19-1 



Capacity of boiler, 1384-87 cub. ft. ; capacity for water, 395*7 cub. ft. ; capacity for steam, 454-5 
cub. ft. 
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933. 
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Slalianri/ R,ileri.-Tbe boiler shown in Figs. 931, 9M, wm designed by A. W. Williumon 
and L. Perkiui for Torj high prewure itenm with great expBiisioii. It aupplies steam to *d 
engine of 60 h.p., which works at a preenre of AOii lbs. to the square inch. 




The boiler ooosittt of a ntunber of horizontal strMght wrought-iron tubes A, welded at the 
ends, and connected with one another by smaller vertioil pipes B. These tubes contain the water 
to be eraporated, and the steam, whilst the flre is outside them. It is essential that tbe larger 
tubes be horizontal or ne&tly so, and that each of them be connected to tbe next tube by meaos 
of two of the oonnacting-pipes. The boiler contains five layert of the larger tubes of 2} in. 
internal and 3 in. external diameter: the oonneeting-pipee are |in. internal and 1) in. external 
diameter. In working, the water-level is in tbe middle layer of lubes, as shown by tbe dotted 
line in Figs. 931, 935 : it remains free from the violent undulations which occur frequently in 
boilers where the internal space is not divided off. It is probable that a circulation eatablishea 
itself in the water, which rises with the bubbles of st^m through the vertical eonneoting- 
pipe at one end of the tube, and deseenda by itself through that at the other. The gases bom 
the fire pass backwards and forwards between tbe layers of tubee, as shown by the anows in 
Fig. 933, and remain long enongh in contact with them to allow of a very good BMorption of tbe 
heat. In another similar boiler used for some time, there were eight layers of tubes above the 
Sre. The boiler is thus aade up of a number of vertical subdivisions arranged side b; side, e»ch 
containing Ave to eight parallel tubes. The several sections are Edl connected together at the 
bottom, by means of a cross tube C, with connecting-pipes to each section, through which the water 
finds the same level in alt the seclions. The steam is taken off through a similar cross tube D at 
the top of the boiler, with a connecting-pipe to the highest Inbe of each section. All the saotiona 
are proved with water pressure op to 3000 lbs. the square inch. 

The boiler has about 12 sq, ft. of grate-surface, but the total area of the air-spacee between the 
bars does not amount to more than is supplied by 6 sq. ft. of ordinary grate^nirfsoe : and accord- 
ingly the Sre is large but slack. Tbe total healing-surface amounts to 882 sq. ft. The oapacitjr 
is about 40 cub. ft., half of which is water-apace and half steam-room. The whole boiler is 
firmly held together by caat-iron girders, and encased in non-conducting sides and top made of 
four thicknesses of light plate riveted together and kept about f in. apart by ferrulee, so as to 
form three closed air-chanilwrH. This arrangement is specially adapted [or marine boilers. 

The due from the boiler is made to pass through a box containing the three cylinders of th,B 
enf^e, passing first down the small or high-pressure cylinder, then op the middle one, and finally 
acting on the low-pressure cylinder. The temperature of the gases in this box varies from 100° 
to 300° Fahr. After leaving the box, they pass downwards throngh a vertical square flue 10 ft. 
long, giving up their remaining heat to thie feed-water which is forced up through a wrought-iron 
coil of ]-in. pipe contained in the fine, ^ving 200 sq. ft. of heating-surface. At the bott<H)i of 
this fine the gases enter a vertical iron funnel of 10 ft. height and 21 in. diameter. The heat is 
BO completely abstracted by tbe feed-water coil, that after leaving it the gases have never been 
found hotter than 100° Fshr. 

This small quantity of heat in the chimney gave suffldent draught to cause the evaporation of 
8) cub. ft. of water an hour in the boiler ; but by the aid of a small fan, driven by a belt from the 
main shaft of the engine, the evaporation was usnally kept at 15 cub. ft. an boar. The evapora- 
ting power of the boiler was tested by means of a Hatcr-mcter, and in an oiperimetit of 5 hours' 
duration 390 lbs. of anthracite coal evaporated 420 galls, of water, which is about lOj lbs. of 



iratei the tb. of coftl. There is no doubt that a U^tget boiler with small propartionate ItwB of beat 
by radiation to the oater air would give a etill more fmoorable Tesull. 

Fig. 936 ia an elevation, aod Fig. 937 a plan, both in eection, of Thomaa Dnnn's vertioal boiler. 



a a the shell, h the grate, c the fire-boz ; 1 ia a large pipe which is kept full of water, the Eom- 
miuiication between the water-space Burrounding the flre-boz being effected by thebrancb pipes (' : 
to the outsiile of the tube (, and to the inside of the fire-lmi, are riveted X or angle iroQB, to hold 
in position the Bre-clay or other slabs f', shown in Fig. 937 ; these slabs and the tube ( form the 
partition to separate the up-draught from the dotni-drsught : and the fire-clay of the slabs when 
red-hot ignites the amotce, and consumea it before it arrives at tbo flue u commumcating with 
the chimney. 

Dunn'u vertical boiler with two fire-grates is shown in Figs. 938, 939. a is the shell, b b the 
grateB, c the fire-box, divided in the centre by the two water-uertitions W, W, the space between 
which forms the down-flue. The upper end of the partitions W, W, is partially closed by a per- 
forated fire-clay top W, the object of which is to ignite the inflammable gases, and to prevent 
thi passage of smoke into the down-dranght flue. At the bottom of the down-flue are placed the 
pi^ V, through which the feed-water passes, and is thus partially heated in passing to the 

Figs. 940 to 944 illustrate a very novel and useful arrangement, introduced by Hawksley, 
Wild, sjid Co., of ShefBeld. It oonaists in building a fumHCo for puddling, heating iron and steel 
or other material, inside the boiler-flue, thereby utilizing the waste heat. 

A is the steam-dome ; B, fumace-door, the doors are placed on both sides of the furnace, so 
that it can be worked as a right or left haod furnace, or, in case of long forgings, right tilrough ; 
C, firing-hole door : D, flre-bricklining of furnace; E, fumaoo-bed; F, slag-bridge; G, tapping, 
hole for furaaco^Iag ; H, beat-retainer for furnace-neck ; 1, circulating water-tubes ; K, flange 
arrangement, for expansion, contraction, strengthening, reducing flue, and retaining the heat. 

Robert Daglish and Co.'a multitubular boiler is shown in Figs. 94S, 946, 947. A, A, is the stop- 
valve with safety-valve, B steam-dome, C nianway and cover, D chimney and damper, B steam- 
gaoge, F water-gauge and gauge-cocks, G feed-valve and pipes, ' mud-hole for clearing out. 

Samuel Smart and Co.'b vertical sypboo water-tube boiler, shown in Figs. 94S, 949, is of 
simple constnictioD, consisting of a cylindrical shell with internal cylindrical flre-boi, from the 
ciown of which the water-tubes are suspended, hanging free into the &re. Every pHrt of the boilw 
is easy of access for the purpose of cleaning ; and as no strain is thrown upon any part by expansion 
or oontraclioa, the tubes being fixed at one end only, the boiler is less liable tlian many other kinds 
to get out of order, and a groat source of expense, in the shape of repairs, is thereby avoided. 

Into each of the water-tnbes a syphoD is inserted, which extends down into the water-space of 
the boiler a short distance beyond the ends of the tubes. These syphons act as circulating tubes 
when the boiler is at work, supplying the water-tubea constantly with water from the water- 
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CMJugj where it Iiu a tendenoj to keep ooolei than in the upper put of the boUer, bat b; me&u 
of the cirenlation through the ayphotia the temperature is eqa&liced. 

The tabea need under ordinary circamBtoiiceB, in Bt&tiOQarj toA marine boilers, ue of an 



the fire-grate. The central flue is carried down below the grate, and a water-space of the ghape 
of an inverted cone ia constructed around thU flue, with short lateral flues for the escape of the 
smoke. Into this water-space the ends of the syphon tubes are taken, and the action will be 
precisel; as in the stationarj boiler alreadv described. The blow-off cook is situated at the 
bottom of the conical water-space, and into the bottom opening of the flue the eihausl-pipe of the 
engine is fitted so as to close the opening, the nozzle of the exhanst-pipe terminating just above 
the lateral smoke-flues, and the exbauitt steam is b; this arrangemeut ouide to produce a powerful 
blast. In cases where even this central coue adds loo much to the weight of the boiler it is 
dispensed with, and the ciicnlation and blowing out is provided for bj means of a peooliar 
arrangement of two-wa; cocks, end the boiler is mode without any watern^aeing at all. 

Bj using verj small tubes in these boilers, a large amount of heating-surface can be pat into 
a venr small space : and as the boiler contains only a small quantity of water, which is made to 
circulate very rapidly over a large sorface in very thin streams, steam is generated in a few 
minutes, and with a good bla«t in the chimnej a quantity of steam is supplied for any length of 

Howard's boiler, Figs. 950, 951, 952, 953, consists of a series of vertical tubes, 4 ft. 6 in. long and 
7 in. in diameter, of wrought iron, welded, and closed at the upper end by flat plates less than 
half an inch thick welded in. Round the lower end of these tubes a heavy ring ot cast iron with 
two projecting lugs is flied. The tube is roughened at the lower end for a length of about 4 in., 
it is then placed in a mould and the metal oast about it. There results so perfect a. union that 
the tube and the pipe are virtnally rendered one. The tubes are disposed in transverse rows 
in a flue intervening between the furnace proper and the chimney. The lower ends of all the 
tubes in a transverse row are united by a cast-iron tube about 10 in. in diameter outside, and of 
considerable thickness. This tube is further strengthened by transverse perforated partitions. 
It will be seen that on the upper side of each oast-iron tube, flat pieces, or pedestals, are out. In 
each of these is turned an annular groove as wide as the end of the vertical tube is thick, say ^ in., 
and of ooodderable depth. The ends of the vertical tubes project slightly beyond their caet-iroa 
base rings, and this projection flts into the circular channel before rafemd to. The end of the 
tube Is turned oflT in the lathe. 

In two opposite comers of the squares or pedestals on the cast-iron tube, recesses are made, 
and into eadi of these is slipped a heavy gun-metal tap^d nut. These nuts cau be drawn out 
or put in laterally, but they are held down by the cast iron of the pedestal which orerhanffs then 
on three sides. The base rings of the vertical lubes have lugs cast on them, which, when the 
tube is put in place, correspond with the gun-metal nuts to which they and the tube with them 
are secured by two bolts, one on each side, screwed into the nuts. Before the tube is put in place, 
a ring of composition, made of lead and tin, is dropped into the annular ^^oove, and on this the 
end of the tube rests ; and being forced down by the two bolts at opposite sides, makes a joint 
tight at any pressure which the tubes can sustain, and yet one which may be made and broken 
ten times in the day if necessa^. 

Each tube has within it an internal one, similar to that introduced by ^'e, rising up through 
the water-spnce, dividing the water hilo annular and central columns. The current of heated 
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. D conscqiianc«, a moat actiTe cucuIbUoh ia kept ap ii 
eTe^ part of the boiler. 

From the upper enda of the tubes a abort piece of welded goa-pipe rises. This pipe serres to 
eaxTj off the giekia to the main eteam-pipe. Between every double row of generating tubea one 
steam-pipe is filed horlzontallj, and the short tubes are bent over by an easy curve and screwed 
on to the sides of these secondary steam-pipea. All the secondary pipes open into one large pipe 
ranniDg at right angles to them. Oa this is fixed the safety-valve, and to a flange at one end the 
stecuu-pipe to the engine, or, where more boilers than one are used, a branch of that pipe is fixed. 
The enact of this arrangement is that the generallog tubes are only secored at one end, and can, 
therefore, expand or contract as they lihe without imposing any sb«in on any part of the boiler. 
The stoam-pipes are also free to move as they wish, the curve in the small pipes from the 
generatine tube piovidiog saffioient elasticity to meet any demands which are likely to be 
made on then. The cast-iron bottom mains can expand and contract as they please, and in -any 
direction. 

The manner in which the feed-water is introduced will be easily comprehended. Each bvns- 
Terse main has its own supply-pipe. 

The furnace consists of the flrVchamber proper, which contains the grate, covered by e. heavy 
brick-arch. In front of this is the tnbe-cbamber, answering very much to the hecuthof a puddling 
furnace ; and under this last the fines are retomed before going to the chimney. It is one of the 
diitinguisbiDg principles of this boiler, that no joint of any kind is exposed to the action of the 
Are, or heated products of combustion, while Uiey retain a temperature much above that of 
the steam within the boiler. In order to carry out this object, the tiers of vertical tubes are set 
as follows :~The transverse cast-iron mains rest nn side walls, and a central wall which eetablishee 
a wheel dnnght ; the mains ore fixed rather closely together, and, as soon as they are put in place, 
cast-iron plates are laid between them on Qanges or ribs e&st on the sides of the mains for the 
purpose; on these are laid bricks and flre-clav to such a height as to cover the junctions of 
the tubes with the mains effectually ; the lower half of the mains project into the uuder-fiues and 
absorb the last dregs of host from the gases on their flight to the chimney. On the upper ends of 
the tubes wrought or cast-iron plates are also laid, and these are covered with six or eight inches 
of sand to keep in the heat. By taking off the sand and removing a couple of plates, access may 
always be had to the interior of the tube-chamber. It will be remarked that the whole tube, 
steam-space and all, being exposed to the heat, its Qpper portion would be liable to rapid 
destruction. To prevent this a provision apparently insignifieanl, but really very important, is 
introduced, in the shape of certain screens of fire-clay, which extend across the tube-chamber and 
protect the upper portions of the tubes from the impact of the fiame. 



Fig. 931 is a longitudinal section of one of Thomas Dunn's boilers. The lower portion of this 
btnler is at right aoKles to the upper portion, and is contained in a chamber or pit of flre-brick ; 
the piodncls of oombustion on leaving the flue surround the lower part of the boiler, A, B, C, and 
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eae»pe to the chimnaj by the flue B. In thia boiler the fire-brick bridge rsatB npcm ft hollow per- 
forated coBt-iron chamber, within which is a sliding wedge block ; thia block is now shown open (o 
admit air behind the bridge, and it can be closed from the front of the boiler b; the hAodfe and 
rod shown in the flgnre. The pipes for heating the feed-water ore placed in the flue ; and as 
these pipes are connected to the upper and lower sides of the flue, there will be a constant eiroD- 
•-•-■-- -n the^feed-watet pipee. 




cylindncal boilen, to which it la fastened by the water-legs C C. The object of thia arranee- 
ment u to protide for the collecting and retaining of the sediment coutained in the water in the 
coolest portion of the generating apparatus. An air-duct 6 and a miiing-cliaaiber H f6i tlie ad- 
miBtaon of air from the aah pit, L to mix with the gases of combustion, are also peculiar to this 
boiler D D are walls for setting £, the pier ; F, connected parallel upright walls ; g, the return 
flue G the flre-place I J the hndgs-wula ; d d, flues. 

Fig. 957 ia a longitudinal vertical section of the Field boiler. The furnace is oonstrueted of 
brickwork in the ordinary manner, a large flue or chamber being formed at the back, into and 




tbroi^h whiiA the heated prbdacts of combustion pom to the chimney. Across thia flue or chamber 
ftre plnced a number of inclined cast-iron tubes a, connected by flanged joints with bolts and nuta 
nt their higher extremttiea to a longitudinal cast-iroa tube b, constituting the main ateam-niace. 
A corresponding longitudinal cast-iron tube, similarly connected to the lower ends ot the inelined 
tubes, and protected by brickwork from the direct action of the products of combustion, eerves as 
an equivalent for the water-caainz employed in the ordinary vertical Field boiler, and constitutes 
a receptacle for the collection and deposit of sediment. The under-sides of the inclined cast-iroa 
tubes have bosses cast upon them, as shown, and tapering boles are bored, into which the vrrought- 
iton F4eld t^dwi. d, are drifted in sooh manner that they hang down into the fine. On the upper 
part of the inclined pipes are formed a number of bosses, through which holes are drilled above 
each of the Field tubes, and rather larger in diameter than the latter, thus affording ready means 
of access not only to them but likewise to othor pacts of the interior of the boiler. Each beds is 
closed by a tapering plug, secured in its position by two bolts and nuts. The radiation of heat ia 
prevented liy iron plates rasting on ledges obove the inclined tubes, and covered with ashes. 
Cast-iron plates are placed across the upper and lower parts of the flue, for directing the course of 
the products of combustioo, so that thev may impinge in the most efficient manner upon the Field 
tubes, the circulation of the water in which is of a very perfect character. 

Wright's diagonal seam boiler is shown in Fig. 958. It will be observed that in thia boiler no 
three comers meet ; this renders the boiler much stronger than the ordinory straight seam boiler. 

Figs. 959, 9G], show sections of Hawksley, WUd, and Co.'a single-flued, and Fig. 960 oross- 
Fection of their double-flued boiler. The flue is strengthened by flanging the smaller rings of 
plate ; each flange in tliia flue ie an expansion-joint, which allows the separate rings to expand 
and contract without increasing the steam upon the ends or shell of the boiler. A, Pig. 961, 
shows the combostion-cfaamber. 




Hartin BeoKin's hIgh-preB»iiN boiler is alioim in Fin. 962 to 984. Fig. 902 Ib a fioot eleTStioD, 
•iiowing the rec«ivei and circulating pnmp ; Fi|{- 963 M a longitudiDal Bection of the boiler ; and 
Fig. 964 a tnuuverse section at right angles to Fig, 963. 

The boiler is composed entirely of tubes, A. Fig. 963, arranged in a seriec of horizontal rows over 
the flre. B B are doorw^B at the front and back of the boiler, for fixing, dlsoonnectlng, and 
taking ont the tnbe*. C, Fig. 962, ii the water and steam receiver ; D the oircnlatlng pump, wliich 
dram its BuppI; of water from the receiver C.and U worked b; the small donkey-engine E above. 
F is the mam supply^pipe from the circulating pomp, to which the lowest tubes of each section of 
the boiler are connected. Q ia the main delivery-pipe, to which the top tubes of each section are 
joined, and into which the water and steam together are delivered from the tubes and thenco 
dischuged into the npper part of the receiver C, 

The atcam generated in the tubes ia driven up with the water thtongh the tubes and dis- 
charged through the pipe G into the receiver C, where the steam and water ere Mparatod : and 
the water ia then again taken by the ciroulating pump and returned into the tubes. In starting 
the boiler, the receiver is supplied with water until its level reaches the fifth or sixth row of tubes 
from the bottom, as shown by the dotted line : as the circulating pnmp is standing stUl at first, 
in oonseqoence cif having no steam to work it, the slide-valve is sllowed to be lifted off its face by 
the pressure of the water, and lets the water flow past the pump direct through into the tubes. 
The flre is then lighted and steam raised from the water in the tube*, which starts the circulating 



Benson's boiler itas flrat iDtroducad in the United StateB, but the one we have deaoribed hu 
fot many ycara eupplied stecuu for a 60-h.f. steam-engine at James HuKaGlI and Sods' works pX 
Wedneabury, 
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Fig. 965 shows one of Loader and Child's boilers. The principal feature of tbia boiler is the 

introduclioti of a reservoir or 8t«Mn-ehert in the centre or heart of the boiler, which receivM the 

steam as it is generated, thereby providing dry, and, to a con- ,^j 

siderable extent, superheated steaia ; and at the some time the 

action of this boiler is to throw a thin body of water to the 

heating-surfaces, by which means steam is rapidly generated 

by a small quantity of concentmted heat. 

The boiler, Tie. 965, is the one which Loader and Child 

construct for small purposes. It has a cast-iron vertical case. 

with a copper cone or shell : the supply-tatik is formed round 

the case and sides, and is heated by the fluei on t)ie reverse 

Bide. By this means much of Uie heat ts utilized. The boiler 

shown in Fig. 9G5 is usually heated by gas whi 

2-borBe power is required, but this boiler is ei 

that ordinary fuel may be employed. 

Lommotive Soilers.—yfe give, with some alterations, the fol- 
lowing illustrations of locomotive boilers from Zerab Colbum's 

valuable work on ' Locomotive Engineering.' 

In a locomotive boiler the outside and inside &re-l>oieB are 

made, the former of irou and the latter of copper. The water- 
space between them, and which completely surrounds the inner 
fire-box, is closed at the bottom by a square bar. This bar is 

bent and welded to the proper form, to extend around the 
bottom of the inside fir&-bax, and it is riveted and tightly 

caulked to both fire-boxes. The water in the water-spaces is 
in tree eommunication with the rest of tlie water in the boiler ; 
and thus the flat sides of the respective fire-boxes are exposed 
to the full pressure of the steam, which lends to bnrst the outside flre-brx, and to cullaiHe the 
inside fire-box. These Bat sides, by themselves, would be unable to rexist the strain upon them ; 
but as the strain upon the respective fire-boxes is in opposite directions, and neccsBarily equal 
for equal areas of surface, tie-bolta, or, as tbey are callrf, stay-bolts, are screwed through the 
plates at frequent intervals, so as to connect the two fire-boxes Hecurely together, the ends of the 
stay-bolts being also riveted, or spread out by hammering so as sitll further to increase their 
holding power. 

The tint top of the inside fire-box is of course equally weak with the sides. It could not be 
satisfactorily secured by stay-bolts to the roof of the outside fire-box, and it is stiffened, therefore, 
by a series of iron bars, placed on edge, and of considerable depth, and which are firmly con- 
nected to the root or crown of the inside Bre-boi by rivets. The roof, therefore, can only be 
crushed downwards by bending thei^e bars, which are of great streugth, at the same time. These 
bars usually extend in the direction o[ the length of the fire-box, as shown in Fig. 9<i(i : but thev 
may extend across it, as shewn in section on the roof of the inside fire-box in Fig. 907. These 
atay-baie bear on the fire-box only for a sliort distance at each end, iron rings or washers being 




A faorizoDtnl grate of thin »nd deep ban is fitted adOM the bottom, fonoing the bottom of the 
fire-box ; and a door U mtule to open into the fire-box from the foot-pUte. The opening for the 
door has to be mnde through the plates of both fire-boxes ; and in oraer to keep the wat«r4paoe 
tightly closed, a ring of iron, of which the inner diameter correBpoods with that of the door, in 
riTeted betireen the outside and inside p1at«s. 

Thin brass tubes, generally 2 in. in diameter, and from 10 ft. to 12 ft. long, are employed to 
conduct the hot gases from the fire-box to the chimney, the number of tubes varying, according 
to the size of the engine, from 100 to 200, or more. The arttingement of these tubes, the upper- 
most row of which is covered by from C in. to 8 in. of water, is shown in all onr sections of 
locomotive boilers. The front plate of the inside fiie-boi and the front plate of the cylindrioil 
portion of the boiler are accurately drilled, to receive the ends of the tubes, which pass through 
the plates, and are made steam-tight within them by means of ferrules of wrought or cast iron, 
wUch are driven into the ends of the tubes, so as to force them tightly into contact with the 
interior surfaces of the holes in the tube-plates. Such is the tightness with which ihc tube-enda 
are thus secured in their plates, that not only ia there no leakage of water, as long as the joint* 
are kept in good order, but the tubes serve as ties to prevent the respective tube-plates from being 
forced outwards, as they otherwise would be, by the presBure of the rteara. Through'that portion 
of the boiler above the tubes a number of tie-bolts extend longitudinally from the smoke-box tube- 
plate to the back-plate of the fire-box, to hold these plates together against the pressure of steam 
tending to force them apart. 

The tubes lead into a closed chamber, formed upon the front end of the boiler, and called the 
Bmoke-box. Although the smoke-bos has a removable door in front, this is tightly closed when 
the engine is ready for working, and then there is no inlet of air to the smoke-box except through 
the tubes, and no outlet except by the chimney. 

Before steam is raised, and when the boiler is empty, it is first filled with water to the height 
of a few inches above the fire-box, by means of a hose oonnected with a cock placed on any con- 
venient part of the boiler. In order to know when the water is at the right height there are two 
gauge-oocks fixed in the back-plato of the fire-box, towards the engineman'H foot-plate, the one 
cock a few inches above, and the other as much below the proper level of the water within the 
boiler. These oocks hare stesm-tight fittings connecting them with a glass tube, within which 
the water, having free taxaa from the boiler through the lower cock, is fn.'e to rise and fall, the 
■urface of the water in the glass being under the pressure of the steam, freely admitted from 
the boiler through the upper cock. The water within the gauge-glass thus has Uie same level a« 
that in the boiler ; and the engiueman baa only to look at this glass to see what the height of the 

To prevent cinders and live coals from falling through the fire-grate upon the line, and partly 
for another reason, an aifi-paa is fixed beneath the flr«-box, and a few inches ofi' the rails. 

It is often important, when the engiuo is standing, to prevent any access of air to tbe fire-box : 
and hence the ash-pan is made to fit tiglitly to the fire-boi on all but the front side. This aide ia 
opened or closed at pleasure by a hinged plate, called the damper, which is adjusted by a rod 
worked from the foot-plate. When the engine is running rapidly, with the ilamiwr open, a slight 
advantage is ahw gained by the rush of air into tbe ash-pan. At 60 miles an hour, or 88 feet a 
second, Uie pressure of the air against the moving uurfece would be over 1 oz. a square inch, or 
9 lbs. a square foot. For countries where much snow falls, it is neressarv to have a damper also 
at the hind end of the ash-pan, as otberwiee it would soon become choked with snow when there 
was more than a few inches in depth of this upon the ground. In going forward, tbe ttaai 
damper is then closed and the hind one opened. 
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The parUoolua we have jiut ^Tsn m well illngtratod bj Fig. 0C6, which u » Mction of ft 
boiler dedgned for a gooda looomotiTe by John Bamsbottou. Fig. 966 aiao ihows the ete«m-dome 
and ■teuD-pipe. 

Fig. 967 indicate! the type of boiler need for passenger looomotivee by the Bogera Looomotite 
and ifitohiiie Works, U.S. 



Pig. 968 repreeenta the boiler designed bj Joseph Beattie, and used on the Lotuloii aad South- 
Western Bailwoy, for burning coal withoat smoke. The flte-bos is divided bj an inclined water- 
partition into tvo oompartments, each having its own door, firegrate, aah-pan, and damper, llie 
principal Are is maintained in the txix nearest the foot-plate. The gnses rising tma the coal are 



met b; a number ot fine stroamB of air entering through the perforated door, and both the gas and 
air rise through a grating of ftre-claj tiles into the upper pert of the second flre-boi, on the grate 
of which coal is burnt oaij slowly, with a slight and carefully-regulated admission of mi through 
the front damper. 

The mingling air and gases are deflected downwards bv a hanging water-bridge, over a fire- 
brick arch and through a series of Sre-clay tubes into a comi lustion-chsiubeT 1 tt. 6 in. long, from 
which more than 375 small boilBf-tubes lead into the sraoke-boi. 

The boiler shown in Fig. 969 was designed by John Haswell for the Austrian State Boilwayi. 
It is used in steep-gradient locomotives for curves of 275 ft. radius. 

Fig. 970 shows the form of boiler oouitTucted by James Ciaee for paasenget engines on the 
St. Helen's Railway. 



Fig. 971 represents the boiler for ft jmninngnr locomotiTe constraeted b? Bobert Btepheii» 
Mid Co. for the Stookton utd DulingtoQ wulway. 
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Fig. 972 it the type adopted no theSonth-GMtmn Bailwfty for aMl-bnniiiiK coupled pMMDger- 
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and Western Bailna;, Ireland. 



Of all the botlen ne have ennniBTated, none ie snperioT to the WKiltle boiler. 

See CoNDENeEBB. CoBNisa Enqiheh. Dbtails or Ehqines. EiraiMBa, varietitt of. EliPto- 

HiDna : Boiler. OxASisa. Inohdbtatioh of Boileri. JoiHTS : rivtttd. LixnuonvES. BLuidie 
BNoinBa. Fabai.i.kl MonoKB. PxsoHETBBa. BudB'Valtes. Btationast EHODna. Bteui 
and the Stum-Enqiiie. Valves. 

Woriarehting to Boiltra; — 'Beport of the Committee of the Fiaaldin Institato on the Btrength 
of Materials for BtMta-BoUel^' Fbiladelpbia, ]e37. K. Armstrong, ' An Eesa; on the BoiletB 
of Steam-EDgiaee,' 8to, 1889, T. Wioksteed, 'On the CorniBh, Boulton and Watt Pnmping- 
Enginea, and Cylindrical and Waggon-bead Boilers,' 4lo, 1S41. T. Craddock'a ' Chemiatry of the 
Bteam-Bngine,' 8to, 1647. B. H. Bartol. ' A Treatise on the Marine Boilers of the United States,' 
Philadelphia,' 18S1. Annrtrong and Bourne, 'The Modem Plactice of Boiler Engineering," 
crown 8vo, 1 85G. A. Annengaod, ' Traits Theorique et Pratique des Motenrs It Vapeiu,' 4 Tola, 
4ta, Paris, 1861-2. B. F. Isherwood'i ' Experimental Beworohea in Steam Engineering,' 2voli.,4to, 
Now York, 18G3-65. F. A.PagBt,'OnthBWettraodTeftrof 8team-Boilera,'8vo,1865. H.P.Buigb, 
' Modem Marine Engineerine,' 4to, 1867. V. Pendred, " On 
Water-Tube Boilers,'' 8vo, "Trana. Boo. of Engineers," 1867. * 

Zerah Cnlbum'a ' Locomotive Eoaineering,' imperial 4to, 1869. / 
W. J. H. Ranhine, ' Manual of the Steam-Engine, crown 8vo, \^ 
1869. 

Bee also papers by Dunn, Colbum. Boseell, Perkins and 
WiUiamson, Longridge. Ooodfollow, Spencer, and others, in 
the 'Transactions of the Institute of Mechtuiic»l Engineers,' 
.and papers by various aathors, in the 'Trans. Inst. Naval 
Architects.' 

B0ILEB-PLATE8. Fb., T6le a chawiiire, eMt; Obb., 
Eeiatlplatten I Itu,,, Laminv da caldaie. 

See BaiDOEB. RivETEn JoDrra. Btbbnoth op Materials 
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Bnliter. — In catpentry, b ahort pieoc of wood, Pig. 97*, interposed horizoutBlIr belweea the 
head of It post ntid a beam which it Bnpporta. It ia also called a corbel-pitci, as it shorteiu the 
beaiing between the poets. The chief nse, however, of a bolster i» to prevent the head of the poat 
cnuhing into (he part of the beam which rests od it, when the latter is heavily loaded. Bolsters 
are BenorBltj used in timber bridges, masons' scaffolding, and so on. 

The term. bolster has also been applied to the pieces of timber placed across the ribs of the 
center^ of an arch to Bopport the vonsaoirs ; but these are more genersily known by the name 
of fn<7aituf«, for which see Ce^ntrsino. 

BOLTING MILL. Fb., Blntoir; Geb., Bentdm&Me; Itai.., Baratte, FhilloM; SpiN. Ctdaio. 

See Babn Uacuinebt, Flocb Hills and Floub HACBmEBV. 

BOLTS. Fb., Bouhms; Geb., Boltm; Ital., Ckiodiapemo; Spam., GriUia. 

Bee NoTS and Bolts. 

BOND. Fb., Appanil, Antmblayt; Gbb., Mautrvtrband ; iTAL., Ltgammto M maltoni. 

Bond is a mode of connecting two or more bodies bj averlapping. 

In Brickicork and Matmry, it ia the mode by which a number of small pieces are oombined to 
form a lai^e mass so that no joint in a course shall occur over a oonresponding joint in the next 
course, wMch ia termed breaking joint. 

Bricks are usually in length alxiut twice their width, and in thickness about one-third of the 
length. For bonding, however, the latter dimension is not of much importanoe, provided it is 
uniform in all the bncks of a course. 

When a brick is so placed in a wall that its greatest dimension is at right angles to the face, it 
is called a headf, and when parallel to the face it is called a stretcher. 

The methods of bonding brickwork generally adopted in England, are known as Old English 
Bond, Flemish Bond, and, to a limited extent, Garden-wall Bona. 

In Old English Bond, Fig. 9TS, a couise of headers alternates with a course of stretchers. 

In Flemish Bond, Fig, 976, headers and stretchers are placed alternately in tiah course. 

In Garden-wall Bona, Fig. 977, one header is placed at the end of every three stretchers in 

Of the three. methods of bonding, the Old English is the strongest, and takes less time In 
build than Flemish Bond ; the joints are more uniformly broken than in the others, fewer boti 
or broken bricks are required to make the work solid, it contains more headers, and conseqaenllj 
there must be a better tie between the face and heart of the wall. 
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Figs. 978, 979, 980, 981, and 982, show sectioDS of walls in Old English Bond, fhnn one to 
three bricks in thickness, with mode of bonding the heart of mich walls. 

Flemish Bood is CDnridered to have a neater appearance ; and in cases where a wall is faoed 
with bricks of a superior quality, a less number is required than in Old English Bond. 

Fig. 983 ia a course of bricks laid in Old English, and Figs. 984 and 98S are coumes laid in 
Flemish Bond ; in the former the bricks all fit close together, and none of them require to be 
broken, it imiippfd, as it is termed, except the closer, the reason for which will be explained 
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preaently. In the latter the headers most either be mapped, as m Fig. 985, or the heart of the 
wall filled up with small pieces of bricks, as in Fig. 98i. 
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Gktrden-wall Bond is, as the term implies, chiefly used in the one-brick walls so frequently 
seen between the back-yards or gardens of town residences. The necessity of preserving a fair 
face on both sides of the wall is the cause of this bond being used, as. owing to the difficulty of 
procuring bricks all of one size, it is impossible to build a wall one orick thick in which both 
of the sides can be worked fair, in either English or Flemish Bond, particularly the former. 
This is shown in Fig. 986, which is a course of headers laid in English Bond. 



985. 



988. 



t 



— f I [ J ■ 

f- 



Fig. 987 shows how, by the use of Garden-wall Bond, this irregularity in the size of the bricks 
is rendered less apparent. 

One-brick walls are frequently built in Flemish Bond, but one-half of the headers require to 
be snapped, which leaves no more cross-tie than Garden-wall Bond, while the longitudinal tie is 
not BO good. 

In half-brick walls stretchers only are used ; this is called chimney bond. 

In Belgium and north of Germany the system of bond used is that called KruisTerband, 
Figs. 988 and 989. 
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The heading and stretching courses are as in Old English Bond, but the alternate stretching- 
oourses hrwk jomt, while the joints of the corresponding heading-courses fall one over the other as 
in Old Ebiglish Bond. As more of the joints are broken than in the other method described, 
this bond is considered to be the strongest of any. It does not, however, present so uniform an 
appearance as the Flemish or Old English. 

The French Corps du Genie prefer to build the face of their walls with all headers, as in 
Fig. 990; but to obtain a tie between the face and heart of 
the wall, they place alternately in each course a half-brick, 
or bat, as shown in Fig. 991. 

This mode they assert has the advantage of offering 
more resistance to disruption than any other. The longi- 
tudinal tie, however, is not so complete as in the English 
and Belgian mtems, the joints being about one-tenth more 
numerous, and the waste occasioned by cutting the bricks is 
greatly to its disadvantage. 

In the heart of a thick wall it is considered advantageous to lay occasionally a course of bricks 
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in a direction inclined to the face, as in Fig. 992. It ia known by the name of Diagonal Bond, 
and when the direction of the brick is rever»9d in the next coarse this system adds strength to the 
wall ; but it is attended with the disadyantage of having to cut the bricks to fit the back of those 
on the face. 

From the fact that bricks are made in width equal to half their length, it becomes necessary, 
in order to break joint between the bricks of two adjoining courses, whether they be laid as 
headers or stretchers, to insert a quarter-brick in one of them at starting. This is called a king- 
closer, and is usually inserted in Old English Bond after the first brick is laid in the heading- 
course, and in Flemish Bond after the first headers. They are shown in Figs. 975 to 977. 

In the French, and sometimes in the Belgian methods of bonding, the same result is obtained 
by starting one of the two adjoining coiirses with a stretcher cut to three-quarters of the usual 
length, called a queen-cloeer. 

The bond adopted in Ashlar masonry is similar to the bond used in brickwork ; closers, however,* 
are seldom used in masonry, as the stones in the courses can be cut to any length required to 
make a perfect bond. 
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In walls of rubble masonry from 1 ft. to about 3 ft. thick, it is usual to have at intervals of 
from 4 to 6 ft. a stone called a thorough, which runs from the back to the front, and so binds 
the wall together ; but in thick walls, owing to the great length of the stone required, two stones 
of as great length as can be procured are made to lap in the middle of the wall ; and in very thick 
walls, where stones cannot be found long enough to lap in this way, a third stone 6, Fig. 993, 
called a tail or heart bondy is used to connect the two bond-stones or binders in the face of 
the wall. 

Various special modes of bonding have been adopted in works of masonry where great strength 
is required, as in sea-walls and similar constructions. That used by Smeaton in building the 
Edd vstone lighthouse consisted of a system of dovetailing and dowelling, for a detailed description 
of which the reader is referred to his account of this great work. See UONSTnucnoN. Masostbt. 

Bond-Course. — A course or horizontal layer of some material built at intervals into a wall in 
order to strengthen it. 

When of brickwork, and built into rubble-stone or flint walls, it is termed a lacing course. 

In brick walls built with ordinary mortar, two or three courses of bricks in cement are some- 
times laid below the floor-line of the llasement story of dwellings to prevent damp rising. In this 
case they would be called a damp course. 

Formerly, courses of wood-bond, called chain-bond, were much used in building where there 
were usually one or more tiers to each story. The size was about 8^ in. wide by 5} in. high, or 
equal to the space occupied by a course of brickwork two bricks in height and two in width. 

These bond-timbers went all round the walls and cross-walls, and through openings, from 
which they were afterwaids cut out. They were connected at the angles, and no doubt tended 
much to strengthen the building for a time ; but sooner or later decay set in, and the destruction 
of the building was the consequence. That and the increased danger from the efiects of fire ren- 
dered chain-bond objectionable, which has in later years caused it to be almost abandoned. 

Common bond of &*, 4} in. wide by 2} to 8 in. thick, is now more generally used, loss as a 
bonding-course than a means of fixing battens or other finishings which are nailefl against the 
wall. 

When common bond is used solely for fixing battens, it is called ranging'hond^ and is usually 
placed at intervals of from 18 in. to 3 ft., according to the strength of the battens. 

Though common bond is open to the objections mrged against chain-bond, but in a lesser 
degree, its use hi preferable to plugging the walls where much of the latter is required, or even to 
the insertion of wood bricks, which are onlv short pieces of common bond about the size of an 
ordinary brick. The act of driving plugs shakes the wall, and destroys the adhesion between 
the bricks and mortar, and wood bricks shrink in time and drop out. 

Ranging-bond should project a little beyond the face of the wall to permit a free circulation of 
air at the back of the battens or other work which has been fixed to it. 

Common bond is usually described in specifications to be put all round each story in one or 
more tiers ; all joints to be properly lapped at least 6 in., and the angles halved and notched or 
cogged. No bond-timber should bie permitted in an underground story, as its decay would be 
/nore rapid and the danger to the brickwork resting upon it greater than in the upper stories. 

When walls require strengthening by the use of bond-courses, hoop-iron is much to be preferred 
to wood. By its use Isambui Brunei, in 1835, managed to construct two half-arches of brick- 
work in lias-lime mortar, projecting 40 ft. from each side of a single pier, without any support at 
the other end. 

Although only 4) ft. wide on top, after another 20 ft. in length had been added to one end, a 
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counterpoise of 28} tons was added to the other ; yet it bore this enormous weight for upwards of 
three years, and probably would not then have given way if it had not been for a considerable 
settlement which had taken place in the foundations. Cracks appeared in the work, and, the wet 
getting in, it expanded during a severe frost, and so caused the failure of this wonderful piece of 
^construction. 

Several pieces of hoop-iron, 1} in. wide and -ffth. of an in. thick, were used ; also pieces of fir, 
1} in. square, which did little more than assist in retaining the bricks until sufficient adhesion 
had taken place with the mortar to allow the hoop-iron to take effect. 

Hoop-iron bond had also been used by Brunei in the large circular shafts, 50 ft. in diameter, 
leading to the Thames Tunnel, which were built above ground, and lowered into their places — a 
depth of 42 ffc. — by excavating underneath, an operation successfully performed without a crack 
or flaw, which was considered to be due in a great measure to the use of the hoop-iron. 

To prevent decay when in contact with the wet mortar of the walls, the hoop-iron should be 
weir coated with a mixture of tar and pitch, and afterwards with Band, The form in which it was 
most generally used in building is that known as Tyerman*s Patent Hoop-iron Bond, from 
1^ to 2} in. wide, and from No. 6 to 

No. 15 Birmingham wire-gauge in ••*• 

thickness. It is prepared from the ^ ^ . 

ordinary hoop-iron by notching it at ^ 

intervals of 12 in. on both sides al- ■ — \ | - ^= . ' ^ S l— — I 

temately. Fig. 994, and turning in ^jj-^^ — ' ^ ^ ^^ 

succession, in contrary directions, a 

triangular piece, so as to form claws, which catch in the brickwork and effectually prevent its 
being drawn out by any force short of tearing the iron asunder. In modem practice, however, 
the notching has been considered unnecessary. 

Tiers of two or more strips, according to the thickness of the wall, laid at every 3 ft. in height, 
have been considered sufficient in most cases. The mode of laying -each tier is to place a strip on 
every half-brick in the thickness of the wall, continued over the whole length of the work, regard- 
less of openings, as in wood-bond. Afterwards the parts across the openings are cut so as to leave 
ft short, piece protruding, which should be turned down aeainst the face of the jamb. At all junc- 
tions it shoula be lapp^, and the pieces carefully hooked to each other. 

In footings or in thick walls exposed to great strains, strips of hoop-iron should be laid diagon- 
ally, interlacing with those laid in a longitudinal direction. 

Bonding-courses of dressed stone have been used with advantage ; they should be cramped 
together at each joint. 

The ancient Bomans used a large flat tile, about 2 ft. long by 18 in. wide, laid at intervals of 
about 4 ft. in height. Bonding-courses of this description, however, are more applicable to rubble 
masonry than to block-stone or brickwork. 

Bonding-bricks are bricks of greater length than those of which the wall is built. They are 
used in hollow walls to tie the two faces together. Their length should be as much longer than 
the ordinary brick as the space over which they bond. 

Some very effective bonding-bricks have been introduced ^^^' 

by a London manufacturer, the ends of which are of a dovetail * -- -— <a#«»^. 

shape. Fig. 995 ; and, where the precaution is taken to cut the /\l£iiBk^AA ^ W^ 
adjoining bricks to fit, nothing can be more effective. / X^^^fk^Hj^^^m^ 

These bricks are usually made non-absorbent, by being ^ ^^^^^ --^^^ 
glazed, so that damp cannot be conveyed by them from the 
outer to the inner skin of the wall. 

When ordinary bricks are used in this way for bonding, 
they should be dipped in boiling pitch, or tar, to prevent the damp passing from wall to wall. 

BOND-COURSE. Fr., Chaine; Ger., Band; Ital., Ckttena. 

See Boio). 

BOND-TIMBER. Fb., Piece d' assemblage ; Gkb., Binde Hblzer; Ital., Catena. 

See BoND-CouBSE. Fib in Bond. 

BONE-MILL. Fr., Moulin has; Geb., Knochenmuhle ; Ital., Frantoio delle ossa. 

The mill invented by E. P. Baugh for grinding bones, ores, and other hard substances, is shown 
in Figs. 996 to 1001. Baugh's improvements refer to that class of cast-iron grinding mills, the 
cutting and triturating surfaces of which are made in the form of a frustum of a cone. The shell 
and burr are constructed of a number of cast-iron grinding sections, fitted and held together in a 
peculiar manner (which will be described presently), so that the sections can be readily removed 
to make way for others ; the dress of the mill being thus rendered changeable to suit the substances 
to be ground ; while the mill itself is more economical, both as regards its original construction and 
its lastinc properties, and the variety of substances which it may be arranged to grind,' than mills 
of the ordinarv construction. The grinding sections of the shell are back^ by an exterior casing, 
between which and the base, to which the casing is secured, are confined the sections, so that the 
latter can be readily disconnected from the mill. The several sections of the burr are secured to 
a block between a lip or ring, or other projection, at or near the lower edge of the latter, and a 
ring fitted to the vertical shaft, which carries the burr so that the sections can be readily detached. 
The ring, which aids in securing the grinding sections of the burr, has grinding teeth formed 
thereon, and a breaker or stirrer is fitted to and turns with the vertical shaft of the mill ; provision 
being made for rendering it easily detachable therefrom, so that different forms of breakers may 
be applied to the mill. Certain detachable sections are used, acting in conjunction with the 
breaker for preliminary grinding ; these sections being fitted to and backed by a casing, and held 
in position by a cap-plate secured to the same, and carrying the bearing for the vertical shaft 
which carries the burr. The vertical shaft, with its burr and other appendages, arc supported on 
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A sliding step controlled by a lever and >iQ adjostable weight, which tends to elevate the burr, but 
i» limited in this tendency hy a »oreiT or other adinstahte stop, the burr by tlila arrangement being 
maiotained in the deaired proiimity to the Bhefl, but being prevented from com{ng in contact 
therewith and JDJnring the grinding aurfacea ; the burr, at the same time, being at liberty to yield, 
sliould a piece of iron or other refractory material find its way between the grinding eurfacea. In 
order to reduce friction and facilitate lubrication, a double cone of steel is interposed between the 
bottom of the vertical shaft and the bottom of the step in which the shaft tuma. 

Fig. 996 ia a half section and elevation of the improved mill ; Fig. 997 Is a sectional plan of 
the upper portion of the mill ; Fig. 998 is a simUar view of the lower portion ; and Figs. 999 
to 1001 are details, which vrill be referred to hereafter. A is the base-plate of the miU, secured 
to a foundation B, and on this plate are fitted suitable bearings a a for the horizontal shaft c, 
the latter being furnished at one end with a fly-wheel, and between the becuin^ a a are fast and 
loose pulleys 66'. At the opposite end there is a bevelled pin?"" "" "»-"—• '-♦■- - >" — ' —' — ' 
G, which ia so secured to a vertical shaft H, that both must t 



To the vertical shaft H is secured the burr of the mill, which consists of the hloclr L, of cast 
iron, and the detachable cast-iron grinding sections r, the bloch being of the form, or approxima- 
ting to the form, of the frustum of a cone, the sections conformine in shape to that of the block, 
and being secured thereto in the following manner : — Round the lower edge of the block there is 
s ring f, and against the inside of the upper projectin™ portion of this ringliear the lower ends of 
the detachable cast-irou sections e, the latter having at their upper ends lips or flancee bearing on the 
top of the block, and confined thereto hy set screws or bolts A. The form of each section is swh, 
that one section will fit accurately against the adjacent section, the whole of the sections thus 
forming a continuous grinding surface. 
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The shell of the mill also oonsiflts 6t a number of cast-uon g;rinding sections t, fitted together 
edge to edge, and 1)acked by an outer casing M, of the form, or approximating to the form, of a 
frustmn of a cone, to which casing the sections are fitted, and by which they are held in place, the 
lower ends of the sections being confined between the flange j of the casing M, and the flange k 
of the cast-iron ring N, by bolts m, which secure together the casing and the ring, the latter 
being confined to the plate K by bolts n. In the present instance the case M is carried upwards 
in the form of an inverted frusttmi of a cone, and is lined with detachable cast-iron sections p^ 
which are held in place by the cap-plate P, secured to the top of the casing M', this plate ha?in|? 
openings « «, and a central boss 9, through which the shaft H passes, and in which it turns. 

A stationary nut Q, connected to the boss of the cap-plate P, receives a screw R, the upper 
end of which is provided with a hand-wheel S. It will In9 seen that the shaft H has a feather t^ 
adapted to a groove in the block L of the burr, and to a similar groove in the ring g of Fig.. 1000, 
above which a sleeve T is fitted to and turns with the shaft, as it has a groove to receive the 
feather. To the sleeve is fitted what may be termed the breaker, Fig. 999, which consists of a 
boss U, having one or more projections «, the sleeve having grooves adapted to keys or feathers 
in the boss of the breaker, Fig. 997. Both the breaker U and the sleeve T, as well as the ring 
g and the burr, are confined by a nut v adapted to screw threads on the vertical shaft H. 

The foot-step bearing I, previously alluded to, consists of a cast-iron box, arranged to slide in 
the cylindrical casing Y secured to the base-plate A, and is furnished with a steel bush ir, in which 
turns the lower end x of the vertical shaft H. Between the bottom of the shaft and the bottom 
of the bush intervenes a double cone x\ of hardened steel, made somewhat less in diameter than 
the shaft, as shown clearly in Fig. 1001. 

A lever W, passing through a slot in the casing Y, is hinged at one end to a pin on a stud y, 
secured to the casing, and bears against the under-side of the step I, the lever being connected at 
its opposite end by a link X to a lever X', which is arranged for receiving a movable weight, and 
is hinged to a bracket Y, secured to the plate K ; a set screw, 2, adapted to a nut on a stand, 3, 
secured to the base-plate A, serving to limit the upward movement of the lever X'. 

Prior to setting the mill in motion, the lever X' is so weighted as to more than balance the 
vertical shaft H with its burr and breaker, so that the said sluift may have an upward tendency, 
which, however, is limited by the set screw, 2, the latter determining the distance apart of the 
grinding surfaces of the shell and burr. By this arrangement the grinding surfaces are maintained 
in sufficient proximity to each other to act properly on the material to be ground, but will not 
come in contact with each other ; at the same time, should a piece of iron or steel find its way 
between the grinding surfaces, the burr and shaft will yield and prevent injury to the mill. 

The shaft H and its burr and breaker having been caused to revolve m the direction of the 
arrow, the bones, quartz, or other material to be ground, are passed through the openings « s in 
the cap-plate P, to the conical space bounded by the detachable sections p. Here, by the combined 
action of the teeth or dress on these sections, and the revolving breaker IT, the material is fractured 
and reduced to comparatively small fragments when it has reached the ring g \ by the combined 
action of the teeth on the periphery of wnich ring, and those near the lower portions of the sections 
p, the material is reduced to a condition whidi permits it to enter the space between the grinding 
sections e of the burr and those of the shell. As this space becomes gradually narrower towards 
the lower end of the shell and burr, the material becomes gradually reduced, and finally leaves the 
grinding surfaces in the desired pulverized condition, and falls into the space within the ring N 
on to the slightly concave surface of the plate K, where it is acted on by the revolving sweep, 4, 
the latter causing the' discharge of the ground material through a spout^ 5, into any suitable 
receptacle. 

Bv making the grinding surfaces in sections, not only can both shell and burr be made truly 
round, but the teeth can be made of the most irregular character ; for instance, the teeth or dress 
can be formed by grooves crossing each other, or some of the grooves may be straight, some curved, 
others diagonal, according to the nature of the material to be operated on. An indefinite number 
of changes may be made in the character of the dress when this mode of constructing the grinding 
surfaces of conical mills is employed, an important advantage, as the dress must be made to suit 
different materials, and in many cases different qualities of the same material to be ground; a 
dress for grinding bones, for instance, would be unsuitable in some respects for grinding quartz ; 
and in operating on other substances it mav be advisable for the dress of one section to differ from 
that of another in the same mill. It will thus be seen that the character of the mill may be 
entirely changed by a simple and speedy change of sections, and that when the teeth of one or 
more sections have become worn, broKen, or otherwise inoperative, their removal, and the introduo> 
tion of new sections, renews the mill, whereas an ordinary cast-iron null would, under similar 
circumstances, have to be discarded. 

In removing the grinding sections, the screw B plays an important part; for should it be 
desired to remove the sections t of the shell and the sections e of the burr, all that is necessary 
is to first detach the nuts of the bolts m, loosen the nuts of the bolts n, and the nut 0. and then 
operate the wheel 8, so as to cause the end of the screw R to bear on the top of the vertical 
shaft H, and continue to turn the screw until the entire shell of the mill is elevated so far as to 
permit the withdrawal of the sections of the burr and shell and the introduction of others, after 
which the shell is lowered by turning the screw in a contrary direction, the nuts of the bolts m 
replaced, and the nuts of the bolts n, as well as the nuts v, tightened. 

Should it be necessary to remove the sections p only, the nuts are detached from the bolts 
which confine the cap-plate P, and the latter is elevated above the mill by operating the screw B 
when the sections are at liberty. After elevating the cap-plate clear of tne shaft, the nut Vy 
breaker u, and ring </, may be readily removed. 

It has been found, after repeated experiments, that the double cone sf performs most efficiently 
the duty of distributing to the lower baring the oil contained in the space between the bottom of 
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the abaft and the bottom of the step I, at tho same time pntTenting nndne friction at the prant 
aubject«d to the greatest shocks and strains. This mode of interposing the double cone between 
the bottom of the shaft and the bottom of the step may be applied to the lower beeringB of all 
vertical ebafts, to the pivots of swine-bridees and tutu-tables, and other objects hanng a rertical 
bearing to which great strains are subjected. 

For nindin^ some materials it is not essentinl that thete shonld be a supeiitructure M', and 
detachable sections ^, or a breaker above the shell M, a simple hopper being in many cases all 
that is Deceesary to receive the material and diroct It to the grinding surfaces: the latter, too, 
may (for grinding some materials) be straight instead of curvM. It is preferable In most cases, 
however, to form toeth on the periphery of the ring g, as shown at Fig. 1000, so that it may serve 
Ibe twofold pnrpcise of aiding ia the preliminary or Srst grinding, and of keeping the sections t 
ot the burr m place. The lips of these sections t may. moreover, be dispejised with, the ring y 
bearing directly on th&uppei edges of these sections. The casing M, too, nmy be made in sections, 
or the grinding sections may be backed or held together by a suitable system of metal bauds. See 
AamtiuLTTSAL lHPi.E)iEirT8, p. 12, Frg. 27. 

BOOT-MAKING MACHINBBY. Fm^ MacAina i fain Ui botta ; QDL,MaicA{ne zur A^fer- 
liffHivi ikr Slieftl. 

llie introduction of the sewing machine greatly facilitated the operations of boot and shoe 
nuQufacturers, and other workers of leather. The principal leather-aewing machines will ba 
found in our article on Seu:in{j MacAinti. Butothcr iim 

boot and shoe making machines and tools are also 
employed to economize labour in this unportant 
branch of industry, the most useful and important 
of which are introdnced under the present head. 

Fig. lOOSrepresentsOimson'smachine for paring 
the edges of heels and soles of boots and shoes. This 
machine oonsists of two standards A with a stretcher 
B, a driving-shan D which givea motion to a 
spindle « driven with high velocity ; on this spindle, 
discs or circular cutters E are fixed ; the boot or 
shoe is held against the cutt«r, the appers being 
protected by a loose guard which runs m between 
the upper and the sole. Theae machines are easily 
worked : a man can pare at one of them twenty- 
four dozen pairs a day; they are fitted with an 
additional counter-shaft for gaining speed, so that 
thete machines may be worked from a shaft of ordi- 
nary speed. 

A primary operation in boot-making is that of 
cutting leather into strips for soles and heels. Jean 
Pierre UoUi^'s machine for effecting this is shown 
in Figs. 1003 to 1005. The leather being placed 

upon a table A, it is slipped under the frame ; the 

traveller K being one of the extremities of the 

apparatus does not binder this being done. To cut the edge of the leather straight, the leather 

is kept in pceitiau by means of a r^er H, which is a piece of iron with a longitudinal groove 




In ft. In which the cnrved knife-blade ot chisel O works when the mler is down ; and a 
end of the groove is provided an opening into which the traveller K can pass. Tha nilur u 
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gOTerned b; two iprinK-roda N buried in tbe thicknesa of the table, and whom iprinsia always tend 
to keep it nined : theae rods ate connected under the table by a yoke P attached to a treadle 

not shown in the flfpires. 

When the leather is poshed under tlio rule, the treadle ia depreBscd, thus pressing down tbe 
rule and keeping the lealher firmly in its place. Tbe handle B u then moved, throwing the 
parts for moving the chain into gear, and thus setting K in motinn and cutting the leather. 
Arrived at the end, the traveller enoounteni one of the fingers 8 attached by levers T to a rod Q, 
forces it forward, and throws tbe cbaiti out of ^ear, thereby arresting the traveller. The traveller 
is then let up, which will allow the springg N to throw up the ruler M, bo as to let the leather 
pass, which is then cut straight. jogg laoi. IMS. 

The workman pulla the leather 
towards him until its smooth 

e comes up to tbe two pina 




nppers upon C. T 
WborC's plan. Figs. lOOti to 100«, 
the akin is first introduced be- 
tween the feed-rollers A, B, of 
the splitting mechanism, and by 
them is foiled against the knife 
C : the upper portion of the skin 
split by tbe knife C posses towards and between the draugbt-rollers D. E, which move it forwaid 
between the roller F end a rasper O, which latter roughens the under-eorfaco of it. From tbe 
tnsper the leather moves over a guide-bar W, between the pressure-roller I and tbe perforating- 
roller H ; and finally it passes between the roller, and a brush K, which latter revolves through a 
vessel L containing cement, and applies the cement to the roughened surface. 

A machine for cutting oot boot and shoe soles, invented by J, W. Hatch and Henry Churchill, 
is illustrated by Figs, 1009, 1010. A is a shaft carrying at its lower end a shoe I), to which a 
punch C is secured ; shaft A is provided with journals which fit in boie* securfd to the front of 
a slide P, which, fitting in vertical guides in the framing of the machine, receivea a vertical reci- 
procating motion from eccentric pin p. Fig. 1010, on tbe end of a driving-shaft Q. 

When shaft A reaches its highest position, a spur-wheel E comes to gear with a toothed 
segment F' on the front of a lever F ; lever F has its fulcrum in a vertical pin a, and, at the time 
the shaft A is at its highest position, a cam I strikes the rear end of the lever F and moves it round 
its folcnun a a sufficient distance to cause a spur-wheel E with its shaft A to describe half a revo- 

Wheu the shaft A ia about reaching its highest position, the square part of it. 6, rises above 
the guide J, and the round part of the shaft d comes in contact with the guide, thus permitting 
tbe shaft to describe its half revolution. 

The boot-form introduced by Chilcott and Snell, Figs. 1011 to 1013, has a clamp E. which con- 
sists of a strip of sufficient len^ to reach from the ni^ at / to the top of tbe front-piece A, This 
rlamp E ia prevented from being pulled out laterally by entering a recess 4 in the nick, and in 
secured at top by a latch h catching a pin 1 on the top of clamp E. The inside of the atrip is fur- 
rowed from end to end, and the recess in which it is received is correspondingly furrowed to hold 
the material securely. The clamps I, I, fitting to the outside of the front-piece and partly over 
the clamp E. are attached to screws K K, which fit in female screws in the rod L. This rod L is 
fastened at its lower end to the bottom part of tbe front-piece. Its upper end ia attached to the 
front-piece by a plate P in the manner shown in the figures. The plate F is fastened to the front- 
piece by a screw N, which can be taken oat; pinsjj serve to hold the clampa I, I, in position. 

Figa. lOU, 1015, refer to J. and E. Arthur's machine for cutting uppera and soles from sheets 
of india-rubber. The endless apron B, which has an intermittent motion, receives the sheet of 
india-rubber a ; the cloth J between the rubber and apron being properly netted by its paasage 
through a water-trough F. Two endless chains K carry the die-frames d with the heated dies /, 
The die-fmmes are pivoted to the chains at .v, and are carried by the chains through tbe stove M 
and over the roller D. When over the roller D, tbe sides of the die-framee come under stationary 

Ctes h, and are in their onward motion firmly pressed upon tbe india-rubber, which is thereby 
wn over tbe roller D at the same speed with the dies. The dies cut. or rather melt, throurh 
the rubber taking out pieces according to the ebape of tbe dies. Tbe pieces are conducted to the 
apron G by means of thin fingers (twenty) secured to a swinging frame r, whilst the waste still 
remaining attached to the piece a passes over rollers I and m, and between m and n, on to the 
apron 0. As soon as the die-frame, after having performed the cutting, comes round the chain- 
roller 6. the eilenaions i of the frame will strike and pass under the pin >i>, which throws up the 
front part of the die-frame so as to make room for the die-frame which passes below. 

In Mollii-re's machine for cutting uppers, Fig. 1016, G is the piston of the steam-cylinder 
operating the bed I. The skins are Inid upon the bed I, and the cutters, consisting of pieoes of 
bent steel, placed upon tbe skins, and then steam-power applied to lift and press the table, 
skins, and cutters, a^inst the head-block C, so as to cut pieces corresponding to the shape of tbe 
cutters. 

With Mollitre's machine for rasping and dressing beds and soles. Fig. 1017, the opelator 
applies the bottom of the sole first to the I00I T, for the purpose of having the rough parts of the 
leather and the jags of the nails taken off; the sole is tlieo applied to the tool /, and the heel to 
a tool r, to flnisb the dressing. During the whole of the operation the tools are kept turning 
very rapidly. 



BOOT-MAKING BIACHINBEY. 




M 




n 


fe 


J 


n 


T^ 


-^ 









488 



BOOT-MAKING MACHINERY. 



Figs. lOlS to 1023 refer to HoUiire's machine for cattist; oat, pnnching, und staDi]uag lolcs. 
The cutting out, pricking, and Btampmg, or numbering n( the size of the shoe, is done at <nie 
blow, bjr meiuis of punchorg a, of the shape of the sole and heel, provided with pri<^kers d, and 
dtamps e and P. mm and a are the detaching-rods, the rods m working through hole« A in tbe 
punching-frames : tbe punches are operated by eccentrics upon ehnfl L, which eoceutHct ira 
BO set that the punches will, one after the other, arrive at their toweiit or punching pnsition, so sa 
to distribute more equally power and resistance. When the punchers pass upward, the pieces of 
leather encounter the rodH m, which are atetionnry, and are detached by them from the punches. 
The rod Q aerres as stamp, and also as detaching-md for the heel-pieces. - The workmkn holds 
the strip, and puts it nndci the puncher; bnt, as this must be done with great rapidity, the 
leather finds itself guided and stopped in such a way that it can be instantly moved into its placit. 
The guides to elTect this consist of two pieces r, forming the sides of a square — one of which is 
graduated, and has on it the uumbOTs of the sizes. As the puncher is alvaj's in the centre, tbeiie 
guides must be governed by a single movement in their approach to and retreat from it. This ia 
done by the following mechanism: — Two pieces B slide on a guide-bed, and have an obliqae 
groove, iu which plays a pin fixed to the euides r ; these two pieces S are connected by the craw- 
tie I, and controlled by the screw u, which, being attached to a bracket, causes the trnTeme t of 



the leather ou the fiat by the counter-weight .v attached to the aiia, while the puncher is catting ; 
a spring-calch hitches under the piece :, and lifts up the stopper as fast as the puncher rises, 
which leaves time enough to remove the leather tliat has been out ; when it sets up as far as it 
can, the piece i, which has described the arc of a circle, lets the catch go,- and, being drawn down 
by the comitet-weight y, the stopper falls back to its place. 




Horace Wing's wrinkling or crimping machine, Fig. 1024, consists of a frame B, upon which is 
arranged a crimping-plate F, so constructed as to leave its front end uaobstrucled. It is pivoted 
at the inner end to a fulcrum-bnlt H, and operated by means of a gear-segment L, attached to 
a lever L', engaging with a corresponding gear-segment I on the outer end of the lower limb M. 

Figs. 1025 to 1027 represent Warren Holden's boot and shoe stretcher. If one side of the boot 
is to be stretched, a knob n is attached to one of tlie parts e, and the corresponding side of the 
boot is properly moistened. The last is then placed within the boot, and the screw I is turned, 
thus rorcing apart the sectiotu of the last, and stretching tbe moistened side of the boot. If the 
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toe of the boot require* itretchini;, the link d ia disoonnected br retnnnng the sorew d'. The 
turnitiK of the aerew /, in the ptwitioo shown by Figs. 1026, 1027, will ezptLod the front ends 
irf the parts. Should the inatep reiliilre ims, lom. 

stretching, the leven j j ore pla(M)d in the ^^^ 

grooTB i. Fig. 1025, iind the levers then rr^^^fe.. 

eip»nd Terticftlly. When in the groove g, 4* ^«^^^S^ 

the leven sre placed horiiontally. r ' ^ — ^ 

Figs. 102B to 1030 illostrate H. B. '^ . '^ 

Horton's crimping machine. A piece of 
wet leather having been laid across the 
jaira, it is, by Ibe raising of them through 
the Ie»er D, foroed upon the crimp-form F ; 
by the repeated sliding up and down of 



the jaws on the leather, it is thus emoolhod, 
and embracea the crimp-form, Shonld 
there be any thin plaee in the leather, 
and the wrmUe not perfectly removed, 
the oeareat set screw d is turned, and the 
wire ftA made to project beyond the face of 
the jaw opposite the screw. The angle- 
iroa O. clampa I, and screw-rod U, serve to 
draw tight the leather on the crimp-form. 

Beferring to Figs- lOSl to 1033, wht<^b 
show Daugbertj's boot^crimp, the slides 
L H fit loosely to the arms of Uie elbow G. 
The nut I is provided with projections a o, 
which extend up each side of &e elbow so 
as to form two inollned planes which oor- 
reapond with the inside of the clasp K, 
which cliup is perforated ao as to traverse 
freely upon the screw H, and the inside of 
the arms are scored so ss to gripe the ( 
leather upon the projoctiona aaa the nut. 
Tbe edges of the leather having been in- 
serted between the slides L H and claspa 
P Q, and between clasp K and nnt I, the 
acrew H is turned, by which means tbe 
elbow O ii moved outward, and with it 
tbe clasps, thereby stretch^g tbe leather. 
Ai the Hcrew ie turned, it slips a little on 
slides and draws the clasps on, 
lueeiDow, and soon, are received in a groove in tbe crimp 

Thompson's machine for polishing the soles of boots 
construction, having a polisher or polishers </ S, made of b( 
a shaft /, which has a teclprocatins motion impaited to it 



f 



/ 



A 



Figs. 1034, 1033, is of simple 

bone or other proper material, attached li> 

' any dssiiable manner. 




Fin. 1036 to 



it A. Swingle's band p^^ng-maohine. By striking vith a hammer 



8 repreeent A. Swingles hand p^wing-maobine. By striii .. . 
_pon the top of an awl-driver C, the spring-slider D is driven np into a bandle A, splitting a peg 
from the block which is arranged in the space L between the said slider and the p^-wood driver 
H ; to the latter it imparted a Gonitaut tendency to press the block forward by means of an ebutio 
band N. The awl B and peg-driver F work through boles I and K in the slider, the principal 
object of the slider being to draw or force the awl out of tbe leather aolc, or other articles, imme- 
diately after having been driven into the nme, O ia an india-rubber spring attached to the 
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Hill'fl nuchine for slciving boot and shoe oountert ii represented. Figs. 1039 to 1041. A lerer 
A', titming horiioiit&llf, tua ita fularnm upou the uppet end of a lever B'. Studs ; /, projecting 
from lever A', rest reapectivel; against the middle of the rocker-frame fi and the end of itban F. 
B' turns opon n fnlcnua at g, and is operated by a foot-treadle below. By meaUK of the levers 
A' B'. the clamp-plate E and the i>30ker-fr&me S are BJmultaneonBljr moved towBidg the rotii^ 
bed B ; the clamp-plate being carried into oontact wilh the leather to be skived, while the knife 
ia borne against the thio edge of the clamp-|)likte and against the edge of the rotary cylinder, ao 
that, whatever ma; be the tbichnesB of the piece of leather, the knife will be made to ailapt itself 
to that thioknen. At the same time that the face-clamp ia moved towards the cylinder-bed, tbe 
perfphet«l clamp will Etlso be bame down upon a counter placed on the periphery of the cylindar 
and oetween the same and the clamp. 




Figs. 1042, 1013, show Zeigler's boot-crimping machines. The jaws are corragBted, so as to 
rk file leather away f^m the angle of the crimping-iron and into the foot and leg of the boot. 

._..! ,__!__._...,......,. .,..._, ™. ,. . the plate K arc 80 

Ae foot of " 



The nuts m 
cnnstrncted as. 



critnpiDg-iron into or between the jaws 
pound motion, which, in combination 
with the corrngntions in the jaws, 
works the leaUier in the reqaired 
direction to crimp it properly. 

J. P. MoUitte 8 machine for cut- 
ting the edges of boot and shoe Bolee 
is referred to in Fi^. 1044 to 1047. 
This plan consists m arranging two 
revolving tools G and h, both of the 
same oonatmction, only A being of 
larger nie than O. The side of 
the shoe is first held against tool 
Q, placing the edge of the guard- 
plate a between the upper and the 



the leg, and to give the foot a oom- 

sole. The shoe being' thns slipped along to the point, and the same way with the other side of 
the shoe, the edge of the sole ia finished with the exception of the heel. The heel is out bj tba 
larger tool A, it being provided with a similar guard-plate IC, in the same manner aa the sole. 
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leather 



__. ir each cut, he morei the strip forward 
■flAinst the guide or stop bar. The carriage I hs« an 
intermittent reciprocating motioti imparted to it, which 
csrrieB each of the knife-bars K K in BuoseasioQ di- 
reotlv midenieath the depressor-bar S, whicb, descend- 
ing thercapoD, forces the knife-bar and its knife P or 
R downward towards the cutter-blook, and outs thtoogh 
the leather. Fig. 1051 represents the soles as out out 
bj the maohine. Each tmife is elevated from the 
leather bj the springs a on the rods that guide its 



Id B. H. Thompeon's hand machines for pegging, Figa. 1052 to 1035, motion is given to a 
slide H by rtnking npon heed K. The slide H carries the awl and petc-driver. The peg- 
driver is intended to drive one peg at the same time that the awl makes the hole for the next 
peg, the machine being moved the AstaDoe from one to the next by a slight pressure of the hand 



in that direction, this distance being measnred, and this motion of the machine restricted to 
oorrespond, by the spring-apaoer T. The point at the lower end of T, being held down hj 
spring W, pierces the leather snfBoiently to keep the machine from being easUjr moved out oC 
place if a alight downward pressure is exerted upon the machine. Just as the slider H completes 
its deHCGnt, the arm O on the slider operates the tumbler P, the latter taking into a notch in the 
apaoer T, and thiu withdrawing the apecei Troax the IcAther at the time the awl is sunk deepest 
into it. T has also a slight vibratory motion in a ginove in tbe spacer-plate Y, limited in one 
direction by the side of the groove, and in the opposite direction by the eccentric adjuating-pin X, 
by the turning of which the travel of the spacer may be aocurately graduated. The spacer bears 
against this pin ; the pressure of the band in tbe direction the machine is to move, will, however, 
move the spacer to the opposite aide of tbe groove ; then, as it is raised by each descent of the awl 
and peg-dnver, it will sprug forward against pin X, and, as the awl begins to rise, will desoend in 
tbe same position upon the leather ; and when tbe awl rises so as to dear the leather, the pressure 
or the hand in tliat direction overoomes the spring of tbe spacer, and moves forward the nmohine 

~' tbe part G- of the feeder and the spring " 

tt V, which holds the awl and peg-drive 
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the lower end of the slider, and which projects through a slot in the front of the case, striking, as 
it descends, against a bend in the feeder, and pushing it back so as to give it new hold upon the 
peg-wood, at the time the wood is held firmly by the cutters and a clamp E. 

With Bice and WhorTs apparatus for lasting and applying soles to shoes, Figs. 10.56 to 1058, 
the sole and the upper are nnt placed together upon a last A, the upper being made to overlap 
the outer surface of the in-sole, and affixed by cement. The whole being thus prepared, it is next 

S laced within the clamping-bed B, and the parts of the latter closed. The platen of the press is 
epressed, to carry the punches on the underHBide of die w into contact with tne parts of the upper 
which overlap the inner sole, so as to make perforations through them, and either into or through 
the inner sole. The platen G is then elevated, and cement applied to the outer surface of the 
inner sole and overlapping parts of the upper. The outer sole is laid upon the cemented surfaces, 
and the slide G moved so as to bring the die u directly over the last A. Next, the platen is to be 
forced down upon the outer sole, so as to press it closely in contact with the shoe, and expel from 
between the soles the superfluous cement. 

Dinsmoor and Bartlett's instrument for chamfering the edges of shoe-soles is referred toi. 
Figs. 1059 to 1061. The piece of leather is laid upon a flat table, and the blade A and spring- 
pressor H are borne down simultaneously upon the leather, while the end of the lever-gauge G 
turning upon fulcrum d is made to rest upon the table. This done, the cutting-edge a of the tool 
is maintained at such an angle from the table as occasion may require, and the tool is pushed 
forward upon and around that portion of the leather which is to be chamfered. The frame B ia 
fSutened to the knife by means of a wedge a. 

Figs. 1062 to 1064 show J. W. Hatoh's machine for cutting out soles. The cutter is attached to 
a Yertu»d shaft, which is provided with journals to work in bearings in a slide P, moving in vertical 
guides in a framing 0, and receives its vertical reciprocating motion from eccentric pin a, at the 
end of the horizontal shaft D. The shaft in this machine makes only about three-fourths of a 
revolution in oppoeito directions alternately, movement being produced by a treadle F, which is 
a lever of the first order, with its fulcrum g at the rear end, secured to the floor or to a suitable 
bed-plate ; the treadle being connected by a rod o with a wrist 6, at the back of the fly-wheel G 
of the shaft D. 

While the machine is at rest, the wrist is always held in one of these two positions by a 
weight r attached to or cast on the fly-wheel, the weight r resting upon one of two fixed standards 
//. In either of these conditions of the wheel and wrist, the treadle is of course raised. The 
operator stands in front of the- machine, in a convenient position for placing the pieces of leather 
or other material in a proper manner upon the table H for the action of the cutter ; and when he 
depresses the treadle by his foot, he moves the wheel far enough to bring the weight r over the 
centre of the shaft D; but the momentum the weight has acquired in moving to that point carries 
it past the centre, and then the pressure of the foot being taken trdsn the treadle, it descends by 
the force of gravity until it reaches the other standard, thus completing the movement of the 
wheel. This movement of the wheel brings down the cutter and raises it again, and, just before 
its termination, it moves the lever E to reverse the position of the cutter by the action of one of 
two projections dd upon one of the prongs e of a fork on the rear end of the lever. The prongs 
tf e 01 the fork are at different elevations, and the projections dd at different distances from the 
shaft D, to correspond with the elevation of the prongs ee; bo that when the wheel moves in the 
direction of the full arrow shown in Fig. 1062, tne projection d may pass under the higher prong 
e and strike the lower prong f, thus throwing the lever to the position shown in Fig. 1063 ; but 
when the wheel moves m the direction of the dotted arrow, the projection d may pass over the 
lower prong e and strike the higher prong e, thus throwing the lever to the position the reverse 
of that shown in Fig. 1063. The movement thus given to the lever takes place just before the 
weight comes in contact with the standards f/, and is just sufficient to give half a revolution to 
the punch-shaft. To keep the cutter-shaft from turmng back too soon, the friction of a bar A is 
apphed in a yoke I ; on the top of the framing, between the top of the yoke I and the bar A, the 
lever £ works snugly, and the oar is forced up against the lever to produce the necessary friction 
by two india-rubber springs • t, one at each end. Stop-screws jj are also applied to the yoke I^ 
to stop and reg^ulate the movement of the lever. 

PoUshing or burnishing the edges of heels and soles with Molli^re*s machine, Fig. 1065, is 
performed in the following manner : — The steam passes from the boiier through a pipe x and into 
oranch pipes ^, one for each bumishing-tool p, and can be let into the hollow shaft / and the 
chamber p within the tool p, by opening the cock ti. A number of these tools of slightly varying 
sizes are arranged in line, and each tool kept rapidly revolving. The polishing is effected by 
presenting the edge of the sole or heel to the revolving polishing-tool and pressing it gently 
upon it. 

Molli^'s arrangement for mounting uppers on lasts is shown in Figs. 1066, 1067. It consists of 
an adjustable frame I and a thumb-screw 6, armed with its tooth-clamp H, which, pressing verti- 
cally upon the inner portion only of the heel, holds the hst securely in its position, and gives 
free access to the parts of the last on which any work is to be dofie by the apparatus. 

Jackson's machine for cutting out uppers, Fig. 1068, consists of a frame A, to which is attached 
a cross-head E ; this cross-head is raisea and lowered by the action of the shaft in the centre, the 
wheels I and the levers G. The leather is fed in at D on the platen B ; the cutters being fixed 
to the cross-head, and guided in their descent by the indicators T, T. 

Fig. 1069 represente Ellison's boot-holder, which consisto of a curved arm A reaching from 
the sole of the root to the top of the leg L, where it is fixed. This is used in oombinatiun with 
the lever B provided with a last-shaped foot, a handle K and a ratchet G to operate with a pawl D. 

Fig. 1070 shows E. M. Dickinson's machine for holding uppers. It consists of a forkea clamp 
B, arranged on the frame A, and hinged at one end. It is operated by the lever O worldng the 
rod d, the yoke A, and the springs /, 1. 
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Drew's pattern for cutting boots, Fig. 1071, consists of two pieces of sheet metal A,B, of 
rectangular form, connected together by hinges; and two other pieces of the same material 
attached to the former in such a manner as to be capable of beine adjusted laterally, one of the 
over-pieces D having a foot portion provided with a wing connected to it by means of hinges. 



1071. 



1012. 





The apparatus, designed by O. J. Warren, for crimping, Fig. 1072, is applied to the bench by 
a swivel process, which permits the whole to be turned to the right or left as the work proceeds. 
The cur¥^ beur G, whicn supports the form P, upon which the leather is crimped, has its groove 
lined with india-rubber Q, which prevents the wrinkling of the leather while undergoing the 
stretching process. A spiral spring is employed to hold together the two parts of the clu&h or 
yoke K, K, and thus retain the work rigioly in any position ; but at the same time adapts the 
dutch to be disengaged to allow the shaft to be turned to bring the work into convenient positions 
for the operator. The nut K on the screw k of shaft B is connected with the yoke N throng the 
medium of the collar L, so as to allow the yoke to be turned independently of the nut. F is a 
sleeve on shaft B, provided with a projection j, and is used in combination with the notched hub G, 
the collar H, and the spring I. The coupling by which the shaft B is attached to the bench is 
composed of a plate G, secured to the bench by a screw D, and provided with a socket a to receive ' 
a pintle of a fork which is fastened to the sleeve F by pivots. 

Gustins' movable jack for boot-making is shown in Figs. 1073, 1074. The arms A, /, of the 
frame A, have supports, as t\ for the toe and heel of the boot, and admit of rotation on a pivot at 
A. The bolt G and the friction-washer o prevent a too ready and easy movement of the yoke A 
upon the bolt in a horizontal plane. The crank-stop cf, sliding in the blocks e «, with tiie holes in 
the segment G, Fig. 1074, permit the instnmient to be inclined for working purposes. 



1073. 



1074. 
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Referring to Fig. 1075, which shows J. H. Belser's machine for shaping heels, giatk toe-clamp, 
A its latch fastened to a si&ndard «, which is provided with an adjusting screw /, and attached to a 
shoe-holder A. The knife G works through a rocker-tube E by means of the slider D, which is 
adjusted so as to act in combination with the arrangements shown at H and G. The position of 
the heel whilst being shaped is shown clearly at G. 

Fig. 1076 shows a side elevation of a machine for cutting out and pricking soles and heels, by 
Graven and Garrack, of Leeds. The parts A aro standards or framework braced together by the 
table B ; G is a shaft, actuated by pulleys c through intermediate wheels a, 6. Gams on the shaft G 
impart a reciprocating motion to the slides D working in V -grooves d. The slides are connected 
by the cross-head £, to which are secured the frames e, which carry the wood blocks and guides / 
and g. The wood blocks / are bound with a hoop of wrought iron, and are adjusted in any desired 
position by means of set screws g in the y-iBcea of the frames e. The guides (7, provided with set 
screws, are to prevent the leather from being thrust too far either laterally or longitudinaUy. On 
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the table B adjustable frames x are placed, which carry the clips A. These clips support the 
knives y, and may be adjusted by set screws, according to the size of sole or heel required, haying 
y -edges which slide in the frames x. The parts A ^ are two spring-clips to stiffen the kniyes j. 



1076. 




10T7. 




The prickers are not shown, but simply consist of a framework of pricks or needles, of the same 
contour and pitch as the required line of nails, fastened to the wood blocks and piercing the 
leather in their descent. The knife j 
and its adjustments will be seen more 
clearly by referring to the detached 
plan of the framework x. Fig. 1077. 

The machine being set in motion, a 
piece of leather is placed by the at- 
tendant oyer one of the kniyes, the 
cross-head descending, the pressure of 
the wood block cuts the sole or heel 
required, which drops through the 
knife and the aperturo in frame x and 
table B into any conyenient receptacle. 

The operation of fastening a sole 
to an upper was for some time the most difficult portion of boot manufaoturo by machinery. It has 
now, however, been greatly simplified by an adaptation of the sewing machine inyented by John 
Keats and W. S. Clark, and termed by them the Crispin Machine. 

The leading features of this machine are the combination of a hook and a shuttle, instead of a 
needle and a shuttle. This arrangement allows of the thread being thoroughly saturated with 
the wax, which does not get sc^ueezed out, as in passing through the eye of a needle. Further, 
the hole made in the leather is no larger than the size of the iiook, because the hook has no 
thread in it while pieroing the materiiJ. Thus, a thicker thread can be used than with the 
needle. The stitch, which is formed on the surface of the leather, is a twisted lock-stitch, one of 
the firmest made. The machine is arranged to be driven by steam-power, and the motion can be 
inistantly stopped by a foot-lever at any point of the stitch, so that the workman has the free use 
of his hands. 

Fig. 1078 is a perspective view of the post Crispin, which is used for welted boot sole sewing. 
Fig. 1079 shows the '* arm Crispin," which is employed in heavy work, such as closing heavy 
uppers, belt-tfewing, harness work, and so on. The hook is first fixed by turning the machine by 
band until the line cut across the edge of the needle-bar L at the lower end, pointed at by the 
arrow, is on a level with the bottom end of the slide, and then fixing the hook with its point on a 
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IflTBl with the point of the divider A, core being taken to bKve the notch which receives the 
thread kt right angles with the um of the machine. After the large babbin U charged nith 
thread and placed in poaition, the cover and hook-plate at the end of the arm are drawn off, and 
the thread brooEht over the guide-pnlleys nntil it reaches the pnlley B ; it is then passed through 
the eccentric hole in the smul gear-wheeL The thread it then drawn forward and passed tfarongb 
the hole in the hook'plate, the cover and plate being replaced. To thread the shuttle, the bobbin 
bis to be placed in it, with the long centre end foretooet. The tbrend i« then passed thiougb the 
upper slot over the bar and through the lower slot, and then through one of the round holes. The 
operator then pl&oea the abnttle upon the slide, and pnt* down the hing«d stop G. He niaea th« 



uia. 




'e-foot bj means of the lever D, and puts the work under the hook so as to be moved from 
right. After the machine ia charged with waxed thread, the gas Q is turned on, and 
lighted through the hole* in the side of the arm, and al«o the jets behind the shuttle-race, until 
the machine is rafflcientl? warm to make the wax soft, care being ti^en not to let the flame come 
in contact with the eaetiug, as this piodacei soot, which destroys the heating-power of the gaa. 

A connter-ehaft mounted in the frame under the table being put in motion by the driving-belt, 
the machine is Btarted by pressing the foot-lever, thereby bringing the pulley oovwed with leather 
j,.»n ~™t..,( ■,;(], ti,g inteniftl pullBj mounted on the end of the driving-pinion. The moment the 
"'""'■' -"- ' ■' " n of hook-thread 



preaaure with the foot is withdrawn, the machine ingtantly stops. Suitable tension 
u obtained by the thnmh-aciew M. The feeder is adjusted and kept to posh i; 



ther< 
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direotioQ by the nnnd vertical bar being t^ebed vitb tbo thnmb-BcreiT B; an uigle of 45° tc 
the um is found moat convenient. The preB- lost. 

enre is adjusted to the tbicknesa of the vork by 
newu of the double Bcrew-nut F. Tbo amount 
of presMue U adjusted by the wrew Q. The 
feeder is ndjuated to the thickneee of the work W 
tuminf; the screw H. The length of the stitcn 
U regulated by toming the screw I, which is se- 
cured by the lock-nut K, To remove the large 
bobbin, the pin N is taken out; the tenaion- 
■pring then forces it out. 

The Pricking Uachine, designed )rf Oimeon 
and Co., of Leicester, is used for making smnll 
boles in the bottom of the soles and heela of boots 
and shoe* to receive the rivets. It is oontrived 
so th«t the distance the holes are apart can be 
varied aooording to the number of rivets required. 
It conmsts of a standard A, Fig. 1080, through 
which is a small crank-spindle; the treadle B is 
attached to the crsnk, and the driving-wheel O 
is fixed at the other end of the crank-spindle ; the 
motion is imparted by a cord Q from this wheel 
to a worm-shaft ; the worm gives the upright 
spindle D a revolving motion, and the crank E 
gives to the arm F a chopping motion ; the boy 
works the treadle with his foot, and with his 
hands presses the sole against the guide tcoUi 
wheel I) ; this wheel, revolving slowly, movee the 
sole the required distance as eeuQi prick is made 
by the arm F. 

QinaoH'i Eccentric Frtts. — This machine, 
Fig. 1081, is used for cutting up leather, and is , 
oonstructed for the use of four men ; the cross- ^ 
head E moves upwards and downwards, and re- ' 
Mives its motion from the driving-shaft A, which 
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has ft pinion attAcheil, and wmks into tlie internal tootlied wtieel B, vhlcli wheel ii kc^ed to the 
eRceotric slwri C: the ecccntricB arc fitted with titrapa oonuectixl tn a stretcher — this a fixed to 
the aide D, Btloctied to tlie crosi-head E ; the screwg H are movable, and can be adjusted by the 
inan to suit the depth of the knife and range of ttie cutting-tools ; wooden bloeka G are iwed to 
in ; the leather is plneed OQ the brock, the knife being put on b; the man, who also piuhea 
r the crofis-besd which comes down upon it and cuts out the sale ; the block ig then pulled 
from undor the knife, placeil on another part of the leather, and the prooess repeated. 

BORING AND BLASTING. Fa., Aclion de /orer (( rfs fmre WBfer par une mine ; Geb., flo. 
Bohrea uiuf Sprtngen finer Mine in Benitrerken. 

llorinii for ifiBe™ij.— -There is but little difFeraaee in the system of boring for minerals or 
boring for water; the kind of rock to be penetratod does not even cause an; materinl differenee 
to be made in the means or tools by which it is done. A hole of 3 in. disjneler in in all cases 
BuiHcioDt fir a teat on a mineral vein. In the U.S. the hemp or manilla rope is used for boring. 
This is called the Chineie method, because the Chinese have practiBed boring in that manner 
sinoe our knowledge of them. The Germans penetrate the rock bj means of iron rods, of I in. 
square or mote. These rods are screwed together in lengths of 10 or 12 ft. This mode of work 
causes the operation to be rather expensive, on acoouot of the price of tools and machinery, and it 
is not very expeditious. The same method was followed by other European nations, and formerly 
in this country. In recent works of this kind, wooden rods have been used with greater advantage 
than iron. These rods are long slender poles of pine wood, often 30 and more fiiet long, mounted 
with iron and screwed together ; they have the advantage of being light and elastic, so as to cause 
less ooncllssion and consequently less repair than iron rods. Rods olTer no advantage over the 
rope but that of longer durahility, and the earth may be penetrated to a greater depth by means 
of them tlian by ropes. Tlie latter are limited on account of strength to a&iut 1000 ft., while rods 
may be driven down to 2000 ft, and deeper. We will describe an apparatus which may be used 
either for hemp-rope or wire-rope, which was made originftlly for hoop-iron by the well-known 
Dietallurgisl, F. Overman, it being cheaper, and served llie same purpose as ropes of either kind. 

At A, in Fig. 10K2, is represented a log of oak wood, which is set perpendicularly so deep in the 
gtound as to penetrate the loose gravel, and pass a little into the rock, so as to stand firm in ilB 

tilace; it is well rammed by gravel, and the ground 
Bvelled BO that the butt of the log is flush with the "" 

surface of the ground, or a few feet below. Through 
this l(w, which may be, according to the depth of loose 
RTOund^froro S to 30-ft. long, a vertical hole is bored 
by an au,ier of a diameter equal to tliat of the boring 
in the rock. On the top of the ground, on one side 
of the hole, is a windlass, whose drum is 5 ft. in dia- 
meter, and the cog-wheel which drives it 6 ft.; the 
pinion on the crank-axle is 6 in. This windlass serves 
for hoisting the spindle or drill, and ie of n large dia- 
meter, in order to prevent short bends in the iron, 
which would soon make it brittle. In all cases where 
iron, either hoop-iron or wire-rope, is used, the dia- 
meter of the drum of the windlass must be sufficiently 
lorge to jirevent a permanent bend in the iron. On 
the opposite aide of (he windlass is a lever of unequal 
leverage about one-third at the side of the hole, and 
two-thirds at the opposite side, where it ends in a 
cross or broad end in esse men do the work. The 
workmen, with one foot on a bench or platform, rest 
their hands on a railing, and work with the other foot 
the long end of the lever. In this way the whole 
weight of the men is mode use of, who work with 
great ease. The lift of the bore-bit is from 10 to 12 
ill„ which causes the men to work the treadle from 20 
to 24 in. high. Below the treadle T is a spring-pole 
S fastened under the platform on which the men 
stand; the cod of tliis spring-polo is connected by a 
link to the working-end of the lever, or the hoop-iron 
directly, and pulls the treadle down. 'When the 
bore^pindle is raised by means of the treadle, the 

spring-pole imparts to it a sudden return, and increases by these means the velocity of the bit, 
and consequently that of the stroke don-n wards. 

The spindle is represented in Fig, 1083, a picco of square cast iron, or wrought iron, of from 
200 to 300 lbs. weight for a hole of 3 in. diameter. For larger holes, of 5 or 6 in. diameter, its 
weight must be increased to BOO or 1000 lbs. At one end of the spindle the hoop-iton or rope is 
permanently fastened by screws or rivets; at the other end Uio bore-bit is insMted in a round 
hole and fastened by a flat key. The spindle may be provided at each end with a head, in the 

form of ft cross, but these are tmn^cfusarv appendages ; a simple square rod of iron, whose diagonal 
section is equal to the diameter of tlie hole, is all-aufflcitnt for the purpose. The lengths or parts 
of the hoop-iron may be made as great as possible, and should bo of the best fibrous charooal iron; 
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-puddled iron, even if fibrous, soon gets brittle in the course of time and work. For a spindle of 
300 lbs., hoop-iron of 2 in. by -^ii^ is sufficiently strong ; for heavier spindles it may be somewhat 
stronger. ^ The ends of the hoops are fastened together by means of small rivets and drilled holes, 
and wis riveting ought to be renewed at least every two months, because the repeated vibrations 
cause the iron to get brittle, which is the case at the joints more than in the run of the iron. At 
the upper end, where the hoop is fastened to the lever, there is a length of hoop-iron nearlv equal 
to one length or part, at one end of which is an eye permanently fastened ; this fits in a hook at 
the lever, and also in a hook at the drum. This loose part of the strap is fastened to it by means 
of pinch screws, as shown in Fig. 1084 ; by this means toe hoop may be made longer and shorter, as 
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the bottom of the bore sinks down ; the letting out, of course, can be performed only while the 
work is stopped. If we want to let out while the treadle is in motion, which is necessary in soft 
rock, a screw about 1 ft. long is provided at the end of the treadle, which may be turned while the 
machine is in operation. The bore-bit has been sliown in Fig. 1083 as it is fastened to the spindle. 
This is a simple, fiat chisel, whose edge is steeled with good cast steel, and a little roundea, so as 
to play always in the centre of the hole. If the chisel is too round, or pointed in the middle, the 
hole is liable to get narrow in the bottom ; if the edge is straight, the hole generallv widens with 
its depth. Other forms of the bit are of little use, they merely cause trouble ana loss of time. 
The bit must be fastened very firmly in the spindle, and the shoulder of it fit closely to it, or both 
are liable to get out of order. .When the spindle is to be lifted from the pit, the end of the hoop 
is taken from the treadle and hitched to the drum, which is set in motion. The hoop must be 
prevented from winding over the hook's eye, or the pinch screws, for that would cause snort bends 
in the iron, and permanently injure it. The drum must be so high above the hole that the spindle 
may be lifted entirely above the bore-log. For these reasons the upper end of the latter is fre- 
quently found to be some feet below the surface of the ground. 

The operation of boring is simple ; when the hole through the bore-log is sunk, the spindle is 
let down, hitched to the treadle, and the latter set in motion, which labour two or three strong 
men can readily perform. If but 10 or 12 inches lift is imparted to the bit, from 30 to 40 strokes 
may be made in one minute. If a good hop-pole is appended, from 30 to 45 strokes may be made 
by, men. and from 80 to 100 by a steam-engine. The rock is thus penetrated by repeated blows, 
of whicn from 50 to 100 are sufficient to sink 1 in. deep in soft slate and shale ; from 500 to 1000 
in sandstone rock, and from 10,000 to 20,000 strokes in graywacke or gneiss. Even as many as 
30,000 and 40,000 blows have been struck to penetrate 1 in. deep in hard graywacke. Iron pyrites 
are almost impenetrable ; and the best plan is, if the vein is but a few inches thick, to break it by 
heavy strokes of a blunt steel point, directed so as to break off pieces from the mineral. When a 
certain depth, say 1 ft., or 2 ft., is penetrated, the (Wbris of rock, ground into dust, and floating as 
fine sand in the water of the hole, must be removed, which is done by the pump ; this instrument 
is represented in Fig. 1085 ; it is a sheet-iron cylinder, of from 3 to 4 ft. long, and i or ^ in. 

1085. 




smaller in diameter than the diameter of the hole, so that it may pass down easily ; it is provided 
at its bottom with a strong iron ring riveted firmly, and soldered to the sheet iron ; upon this ring 
is fitted a valve, which may be a poppet-valve, or a ball, or, what is equally as good as any, a trap- 
valve formed of a piece of sole-leather or strong india-rubber, provided with a piece of metal to 
make it heavy and shut close. Metal valves do not shut well, for often coarse sand gets into the 
pump, which does admit of a hard valve to shut, while a light valve of soft matter will press the 
sand out, or at least dose sufficiently tight to prevent the mud from flowing out. This oucket is 
gently let down upon the bottom of the well by means of a small rope, a wire-rope, or a hoop-iron 
tape ; it is then rapidly moved up and down a few times by hand, and raised. This latter opera- 
tion is best performed by a small windlass, erected purposely for the pump. The strong windlass 
is too heavy and slow for this operation. When the pumping has been repeated two or three 
times, we may suppose at least all the heavy sand is. removed from the oottom of the well. 
Pumping ought to be performed after the water has been for a while at rest, early in the morning 
or after metd times. This operation is very simple and effectual. The pump in being raised 
rapidly from the bottom of the well causes a strong current of water to pass vertically down ; this 
stirs all the heavy sand in the bottom, and even pieces of iron and steel which may accidentally 
fall into the well, and brings them into the pump. Many other devices have been proposed for 
this purpose, but we know of nothing superior to this simple machine. See Artesian Wells. 

Where a steam-engine is at command, as is generally the case at salt-wells, the operation may 
be performed with ease, and cheaply. Is a water-wheel or a mill at the place where a hole is to be 
sunk, the expenses are very small, one man attending the whole operation. In most cases it does 
not make much difference where the hole is driven down, if not too far off from the outcrop, so as 
not to miss the ore deposit. If the extent of a mass or vein is known, and we want merely to 
know the depth from a certain point, in order to calculate the expenses of a shaft before we sink 
it, it may be profitable to erect a steam-engine for boring, in case the depth is considerable. 
Horses or mules may be also employed at a common horse- whim to do the work ; this, however, is 
not much cheaper than manual labour, but the work may be done foster. In case a steam-engine, 
water-wheel, or horse-power is used, a shaft with cams or tappets must be provided, which latter 
press upon the treadle instead of the feet of men. If in this arrangement the shaft with tappets 
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can be so arranged as to be moved farther off, or closer to the treadle, it is reoommended ; for 
if changing stratified rock is met with, different heights of stroke or change of lift is required ; 
soft rock or slate cannot bear as strong blows as hard rock. In this case the spring-pole must be 
strong enough to balance the whole weight of spindle, and rope or iron belt, so as to keep it 
suspended when at rest. The large drum for winding up the rope may serve as an axle for 
tappets; the latter are then fastened to the large cog- wheel, and lift the treadle directly, or, 
wliat is the same, the end of the rope or iron belt. The crai^-shaft, on which the handles are, 
serves in this case as a driving-shaft, driven by pulleys and belt from the engine, the water-wheel, 
or horse-power. 

Turning the spindle, or bit, is a necessary operation which is much favoured by a hemp-rope, 
not so much by a wire-rope, not at all by hoop-iron, or by rigid bars of iron or wood. In striking 
the bottom of the well by the sharp chisel, it is to turn around the axis of the spindle, or its own 
axis, in order to cut a -round hole ; the more rapid this operation is performed,, the more correct is 
the work, and the faster it proceeds. The hemp-rope, m lifting the spindle, is stretched, and 
endeavours to untwist, setting the spindle in a rotary motion, in which it continues until its 
return to the bottom of the well. At the head of the spindle there is a loose eye, or swivel, in 
which the rope is fastened : the rope will return, when slackened, and assume its twist again. 
This operation, however destructive to the rope, performs the rotuy motion of the bit more per- 
fectly than any other means. The rigid rod, and the hoop-iron or wire-rope, must be turned by 
hand, if no machinery is expressly prepared for the purpose. If turned by hand, which is done 
by means of a cross-handle above tne bore-log by a small boy, it ought to be done rapidly ; each 
stroke ought to have more or less than a whole revolution. If this operation is not properly 
attended to, the bit is very apt to cut rifles or flutes, particularly in stratified rock, which are very 
troublesome in the prepress of the work. 

Accidents. — It may happen that the belt, rope, or the rod breaks, or the bit or spindle is injured, 
and leaves parts of steel and iron in the hole. If the latter is the case, and the pieces broken off 
are not too large, the most expeditious plan is, to take a dull hard bit and pound the iron into 
such small pieces as may be removed by the pump. Is the belt or rod broken, the operation is 
not difficult, but in the latter case tedious. The hoop-iron, or a hemp or wire rope, is easily drawn 
up, which is most conveniently done by the following machine. In Fig. 1086 is represented a pair 
of tongs, which are fastened to the main rope B, which is slackened in letting lose. 

down the tongs. W is a single wire, or a small hemp-rope, such as a bed-cord, or 
the pump-rope. When the tongs are so far down as to be below the broken end of 
the rope, the wire W is pulled so as to open the tongs, after which the belt R is 
turned round its axis. The lips L of the tongs, forming a basket, sweep now the 
circumference of the hole, and draw the broken rod into their grasp ; when such 
indications are perceived at the upper end where the workman is turning the belt 
B, the wire W is suddenly slacked, and the sharp steel lips will bite the iron or 
hemp; the whole is now lifted by the windlass, and the broken ends mended. 
With a wrought-iron spindle, hardly anything can happen ; a cast-iron spindle 
may break ; but if made of a square form, there is so much room on the four flat 
sides as to admit two sharp-pointed bits of the tongs, which may fasten in it 
sufficiently so as to lift it. More vexatious than such breaks is the crumbling 
of rocks, particularly if these rocks are hard or tough. If the spindle has a little 
space at its upper end, and a piece of rock falls down from a higher place and 
wedges in between the spindle and the walls of the well, it causes often long delav 
and much labour to remove such small stones. Is the treadle moved by men, such 
impediments are generally observed before the rope brei^s, and may be made less 
disturbing when attended to in proper time; out if a steam-engine or other 
power is at work, it will tear the rope or rod, and cause the spindle to be tightly 
wedged. In order to prevent the breaking of the rope, that part of the lifter 
where the rod is suspended must be made so weak, that, when the cam lifts it, and 
it is heavier than the weight of rope, spindle, and bit, it will break and prevent 
by its rupture the breaking of the rope. Is the latter not injured, there is 

generally not much difficulty in getting tne spindle out. At the top of the bore- 
ole must be always a certain mark, which indicates exactly the depth of the well 
by the length of the rope ; if the spindle is in any way raised above the bottom, 
we may l^ow it by this mark, or by the position of the treadle. In this case, 
gentle up and down motions at the rope will generally loosen the spindle so as 
to make it play; its going down to the bottom, however, ought to be prevented, 
for which reason the end of the rope is laid on the windlass, and the rope so far 
stretched as to prevent its sinking to the bottom. By means of the treadle or 
by hand, the apparatus is now kept in motion and gently raised by the windlass. 
If these means will not succeed, force at the windlass is tried, but never beyond 
the strength of the rope so as to break it. If this also fails to lift the spindle, an iron rod^ 
with a blunt end, which cannot penetrate between the spindle and the walls of the hole, is let 
down by means of the pump-rope, and gentle blows are imparted on the head of the spindle ; 
this will either start the spindle, or will crush the pebbles which hold it. Is the rope or rod 
broken, these operations must be performed with more caution, so as to prevent forcible lifting ; 
for when the tongs have hold of the broken end of the belt, that is never so firm as the rope or 
belt itself. 

Most of the accidents are caused by loose stones, gravel or pebbles, crystals or pieces of slate, 
from cavities above. Most of the rocks contain caves, or nests of crystalline loose matter, which is 
thrown down by the motion of the water and the vibrations of the boring instnunents. In these 
cases, pipes of sheet iron, of copper, or ci other metals, have been inserted in such places ; 
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which operation, however, iB expensive, tedious, and not qnite safe ; much ingenuity has heen 
expended on Inserting such pipes. In all cases of borinff, the mouth of the well, or upper part, 
ought to be well secured by the bore-log ; it should reach down into the solid rock, and prevent 
an^ dropping of gravel from above, ^mien, in the course of the descent, cavities are penetrated 
which prove to be filled with loose matter, threatening to obstruct the progress of the operation, 
ther best plan is to cut through such a cavern, if possible, and reach the solid rock again. If this 
cannot be accomplished, the chisel is driven down as far as possible, and the cavity filled by cement, 
which is closely rammed in by a plunger. The cement for this purpose is mortar cement, also 
called Boman cement, which is made of impure limestone, such as is found in the coal regions and 
marl beds, in the form of lumps imbedded in marl, clay, or shale. This kind of limestone, when 
burned, does not slack ; it must be nound fine, and lb then mixed with water to a stiff mortar. 
If no such impure limestone can be obtained, common lime is mixed with burnt and finely-ground 
iron ore, burnt marl, or burnt ferruginous shale, pumice-stone, or any kind of volcanic porous rock. 
The whole, lime and admixture, of which latter about 40 per cent, of the lime is used, is ground 
together and mixed with water so as to form a stiff mortar. Cement mortar will harden in the 
course of a few days under water ; but it is advisable to make a trial of it before it is put down 
into the well. This mortar is filled in canvas or muslin bags, of such a size as to sink gently 
down to the bottom of the well. A number of filled bags is let down, and then the plunger, — 
which may be the spindle, — is preesed upon them to break the bags, and drive the mortar into the 
cavity. This is gradually filled entirely with mortar, and then left at rest for some days. Part 
of the mortar is, in the meantime, immersed in water, above ground, in order to observe its 
progress of hardening. When the mortar is hardened below, it is penetrated by the bit, and a 
round hole bored through it, which forms now a pipe of cement, which will effectually prevent 
sand or gravel from running down and causing disturbances in the operations. 

In all cases of sinking a well or a bore-hole, the progress of the work should be recorded in a 
journal from day to day ; and each day, or at each pumping, a part of the bore-meal, or the 
coarsest d^bris^ saved for future examination. The latter operation Ib simple, and causes no loss 
of time. When the pump is raised, the contents of it are cast into a fine wire sieve, or into a bag 
of fine wire gauze, which is made to contain all the contents of the pump. The water and the fine 
parts of rocky matter will pass through the meshes of the sieve and float off, while the coarser 
parts remain. A part of the sediment is saved in a paper, or in a small box, and it is marked 
with the time and depth, when and where obtained, for future reference. These evidences, when 
put together, form the elements of a section of the rock strata penetrated by the well, in that 
particular spot, and are suitable objects for publication. Any geologist can form, by these means, 
a profile of the rock, or general formation. Many hundreds of artesian wcUa are now sunk, and 
have been sunk in times past in our country ; these would furnish means for obtaining a correct 
insight of the geology of those places where the operations are performed. For the want of such 
records, the information arising from the labour of boring, at a particular spot, is lost to the 
community and the science of geology. 

Any size of hole will answer the purpose of the miner ; and if 2 in. in diameter could be sunk, 
it would be sufficiently wide ; but this cannot be done ; the form of the tools, pump, and rope, 
require at least 2*5 in. All complicated tools, such as cross-chisels, rasps for widening, ana 
similar instruments, are to be avoided. They are expensive, both in first cost, repair, and cause 
loss of time. The simple flat chisel will form a perfectly round hole ; when attended to in turning the 
rope, it will make the hole wide enough all the way down ; if fluently changed and sharpened, 
it workB easy and fast. A chisel and a good pump, a safe rope, and good tongs, are all the imple- 
ments requisite for sinking a hole of 2000 ft. deep. 

We give an example of boring for minerals, from the ' Transactions of the North of England 
Institute of Mining Engineers,' vol. vii. The paper which furnishes this example was read by 
the justly-celebrated Nicholas Wood ; we give it and the discussion thereon, without any material 
alterations, to show the baseless fabric upon which the so-called science of geology is made to 
rest. 

Nichoias Wood, President of the Institute of Mining Engineers, on the Deposit of Magnetic Ironstone 
in Sosedale, — In John Marley's very elaborate and very able account (says Wood) of the Cleveland 
Ironstone District, communicated to this Institute at its meeting of June, 1857, and published 
in vol. V. of the * Transactions,' he states :— ** The only special district to which I think neces- 
sary now to allude is the Rosedale Abbey district, the ironstone from which has attracted a 
large amount of attention, on account of its large peroentage, immense deposit, and magnetic 
properties." 

Marley then gives a history of the discovery of this bed of Ironstone, its position in the series, 
as well as in the district generally, and adds all the information which had then been elicited 
with regard to the particular features and character of such deposit, which he illustrates by a 
diagram, showing the explorations which had been made by drifts and pits towards such elucida- 
tion ; and he then concludes by saying : — ^' I have no doubt that this seam is the same as the seam 
at the point A, Fig. 1087, as also the same as that found on the east side of Bosedale, in Captain 
Yardon's property, of varied thickness, as well as the same seam as that at Grusmont, Fryupdale, 
Swainby, and Boltby, known as the top seam of Cleveland — the nine inches of coal in the pit sunk 
agreeing with Beckhole, near Grosmont, in particular ; so that the only doubtful point is as to the 
portion from the outcrop at ui to the so-called magnetic quarry ; the most feasible solution being 
that it is a disjointed patch of the regular seam, known as the top seam, and not a vein, as has 
been said ; and, with all deference to the parties who have had more opportunity for examining 
this district than I have, I propose leaving the extent of the magnetic and extra percentage tract as 
an unsolved problem, as it may vary from one or two acres to any Indefinite extent, not being at all 
proved to the south." 

This is a very clear and correct account (says Wooc[) of the information then existing on this 
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depoeii Marley's opinion being that it represented the top 8eam,'a6 developed at Groonont, 
Fzyupoale, Swainby, and Boltby. 




Reference : — 0, Shale and ironstone ramble. P, Brown and grey sandstone. 9, Coal and shale. S, Shale 
and sandstone. T, Sandstone ; top bed, of iron and lias respectivelyy not proved by the bore-hole. 

A Section of the Strata at Grosmont is given by Marley as foihws : — 
Ft In. 



Bandstone 25 

Ironstone, top seam .. 12 

Liaa shale 92 

YariouB strata, not identified 51 

Lias shale 55 



198 



Ft In. 

Ironstone band and shale 29 

" Pecten ** band, part of the Clere-^ r ,« 

land thick seam / 

Shale 17 4 

^' Avicula '* band, Cleveland seam .'. 6 4 



Another section near Grosmont gives the top seam 11 ft. 6 in., then 187 ft. pf shale and iron- 
stone, and then the Cleveland band. 

T/^e Section at Fryupdale is as fdlows : — 



Ft. In. 

Freestone 55 

Top seam 12 

Jet, cement, and alum rocks . . 202 

Shale 60 



Ft In. 

"Pecten" band, Cleveland main seam 6 

Shale 30 

" Avicnla'* band, Cleveland main seam 4 4 



The Section at Sioainby is as foUows : — 



Ft In. 

Shale 13 

Top seam 23 



Ft In. 

Shale 132 6 

Cleveland main bed .. 9 3 



And at Felix Kirk, near Boltby, the Section is : — 

Ft In. 

Brown, yellow, &c., gritstone 

Boltby and Bosedale iron rock 7 

Alum shale, or upper lias shale 116 

Upper band of nodular ironstone .. .. 7] ( ^^T® ^^ Eston or 

Thin seam of soft shale 30> 4 1< Cleveland main 

Lower band of nodular Ironstone .... 6| I seam. 



Section of Strata in the Hills at Swainby Mines, 

Ft In. 



Soil, &0 3 



Freestone 

Slaty coal 
Shale .. 
Sandstone 
Slaty coal 



24 









1 
4 




9 


9 



Near the limekiln this is 
100, with 9-in. iron- 
stone balls in it. 



Shale 

Coarse freestone 

Shale, with occasional nodules of iron 

stone 

Ironstone, good 2 

Ironstone 21 



} 



6 
5 
3 



6 

6 



13 



23 



Carried forward 78 
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Section of Strata in the Hilis at Swainby Mines — continued. 

Ft In. 

Brought forward 78 

Shale 132 6 

Not / Ironstone 2 8 

Wrought \ Shale 10 



Ironstone 
Shale . . 
Ironstone 
Shale . . 
Ironstone 
Shale .. 
Ironstone 



2 5 
1 8 
1 6 



3 8 
5 7 



9 
9 



3 
3 



Scarthnick bed or seam. 



1 

1 



3 
6 
3 




6 



Shale 16 

Ironstone 1 

Supposed shale, but unproved down to \ qq. ^ 
the level of the bottom of Crook beck / *» " 
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Section of the Strata at Eston XcAj shoicinq the top seatn, and the wain or Cievcland bandy 

inhere the latter is in perfection, 

Pu In. 

(Soil, and other strata unproved 50 
Freestone .. .. 60 
Shivery post, patches of jet and clay 54 

rt. In. 

Xodular iron&tone 1\ 

Shale 2 3J 

/ Nodular ironstone 3 

Shale 7 

Nodular ironstone 0.} 

Shale 10 > 6 

Nodular ironstone 1 



Seanv called 
the '* Top ( 



Seam." 



\ 



2/ 



Shale 6 

Nodular ironstone 1 

Shale 6 

^ Ironstone band (varies) 9^ 

Aggregate of ironstone, 15} inches. 

A2)proximated. Lias shale, including jet rock at bottom . . 

Ironstone band 2 

Shale 2 5 

Ironstone band 2 

Shale, mixed with nodules of ironstone 1 10 

Ironstone band 3 

Shale 10 

Shale, inclining in some parts to a fire-*^ j 

clay nature / 

Aggregate of ironstone, 9 inches. 

/ Top tlock, left as roof Oil 

Parting regular at outcrop, but not so 

after. 
Second block (left as roof near outcrop) 2 3 

3 2 

Main parting (a good one near the out- 
crop, but lost farther in). 

Main block and uniform 12 

Parting (lost after leaving outcrop). 
^ Bottom block (varies) 1 10 

Shale 7 

Ironstone band (called 2-ft. band) 18 

Shale 6 

Ironstone band 10 

Blue shale 

Various beds of grey post and metal stone, &c. . 



Measured 
working 
section. 



210 



10 



I 



Measured 
section. 



Cleveland 
Main or 

Thick Bed 

or seam 

of 

Ironstone. 



17 N 



Measured 
section. 



15 6 

36 
93 6 



Total 552 
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The main featurea of the aectioiiB given by Marley as assimilating to the Bosedale bed, are, 
Ist. The top seam, yarying from 12 to 23 ft. in thiclmess. 
2nd. Lias shale and other strata, 132 ft. to 220 ft. 
3rd. The Cleveland main band, 9 to 12 ft. 
Bnt in all these sections there are no beds of ironstone between the top seam and the Cleveland 
main band. 

Bewick, in a paper presented (says Wood) to the Institute, and printed in vol. vi. of the 
'Transactions,' gives drawings, and an account of the deposit of Bosedale, and concludes with 
these remarks, — " My object in thus troubling the members of this Institution with the foregoing 
remarks is twofold. First, to show that the iron ore of Rosedale, instead of being a large mineral 
field, as was first asserted, and still believed to be so by man^, is nothing more than a volcanic 
dyke ; and secondly, that the ironstone lately opened out in this locality is not, as it is reputed to 
be, the main seam now being worked in the Cleveland and Grosmont districts, but it is my opinion, 
if Marley will permit me to say so, the top seam.'* 

I shall now (observes Wood) give an account of the operations concluded by Professor Phillips 
and myself towards the investigation and development of this bed of ironstone. 

The first discovery of this deposit of ironstone was at a quarry on the south-west side of the 
valley of Bosedale, about a mile south from Bosedale Abbey, and shown, Fig. 1088. When this 

1088. 




1a B0R£M0LB 
^ Nf.l 



quarry was opened out it was found to consist of apparently a confused mass of ironstone boulders 
of an ellipsoidal structure, and of gigantic size, often 3 or 4 ft. in diameter ; the central part of 
these boulders being generally blue, and consisting of a solid dark oolitic magnetic iron ore, with, 
in many cases, sandy and solid ironstone crusts around it ; and, in receding from the centre, the 
iron ore becomes paler, altematiug with dark brown purplish layers ; the layer then becomes pale 
brown, and the magnetic quality is lost. In most cases, nowever, the nodules are quite solid, and 
a slight stratification exists, though very obscure; and in several cases, likewise, the oolitic 
structure is mereed into compact brown iron ore. In some parts also, where exposed to the water 
and to the weather, the iron ore is partly washed away, and a gritty ferruginous crust remains. 
These great variations do not occur where the ironstone is under cover, or covered by other strata, 
but app^rs to assume those difierent phases in consequence of its extreme susceptibility to change 
by exposure to air and water; and it is somewhat remarkable that the magnetic property is 
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strongest where the mass is thickest, and scarcely shows any magnetism in places where it is tlun, 
or where it has little cover, and, oonseqnently, more exposed to decomposition or change. 

The gi'eat characteristic difference of composition between this ironstone and the top and main 
band of Gleyeland is, the entire absence of shells, the structure being entirely of an oolitic character, 
being entirely composed of small round concretions of iron ore, cemented together with extremely 
thin siliceous or arenaceous films, and in its magnetic properties exhibiting polarity, and likewise 
in its greater richness than the ordinary ironstone of Gleyeland. 

This quarry has been excavated so as to form a face of 60 ft. in thickness ; to which must be 
added 11 ft. of blue magnetic stone, 2} ft. red ironstone, slightly magnetic, bored down below the 
bottom in magnetic stone, and 3 ft. of shale. 

Soon after the quarry was dlaoovered, it was thought advisable to drive a drift into the side of the 
hill, to ascertain tne extent of this deposit, the quarry being about 600 ft. from the bottom of 
the valley, and about 300 ft. below the utmost level range, or plateau of moors, lying on the south- 
west side of the valley. This drift, together with a j>it sunk upon it, is shown by a drawing in 
Marley's paper. Since then, it has been driven to a much greater distence, and three bore-Ma 
have been put down from the surface to the Bosedale bed of ironstone. 

Fig. 1088 shows the position of this drift, the distance and direction in which it has been 
driven into the hill, and also the position of the three boreholes and the quarry. And Fig. 1089 
also shows the section of the same drifts, and the section of the borings, together with their depths 
from the surface, and the beds of ironstone which they have proved. I have carried such section 
across the valley, for the purpose of sho?ring the position of the ironstone band on the opposite side 
of the valley. 

Fig. 1090 shows, on a larger scale, the strata bored through in the three bore-holes above 
alluded to, and the ironstone beds which they have proved ; Figs. 1091 to 1093, bore-holes. Fig. 
1094, facing drift, and Fig. 1095, side drift — show the thickness of the lower bed of ironstone in 
the several boro-holes in the face of the drift, and idso in the side of the drift. 




It is necessary to remark that, where the drift was first set away in the side of the hill, it met 
with shale, and it continued in shale for a distance of about 80 yds., when the ironstone was found. 
The drift continued in the ironstone for a distance of 180 yds. farther, making a total distance of 
260 yds. from the face of the hill. Fig. 1089 is a section of the ironstone at the face or farthest 
extremity of the drift, showing an entire thickness of 32 ft. of ironstone, namely, 6 ft. 2 in. of 
(hrift, 11 ft. 9 in. above the drift, and 14 ft. below it. And, what is important to mention, the 
ironstone was here distinctly stratified, as shown by the lines across the section, Fig. 1094. 

400 yds. in advance of the extreme end of the drift, and 660 yds. from the side of the hill, a 
bore-hole. No. 2, Fig. 1089, was put down ; and at right angles to the line of this bore-hole from 
the drift two other bore-holes were put down from the surface, as shown. Figs. 1089, 1090, each 
200 yds. distant from No. 2 bore-hole, or 400 yds. separate ; and the following are sections of the 
strata passed through in these bore-holes. 



Account of the Boring No, 1, Fig. 1090, or 
Na Fkns. Ft In. 

1 Clay 5 

2 Metal or shale 110 

3 Brown freestone water . . 12 5 6 

4 Metal or shale 6 16 

5 Brown and grey post . . ..200 

6 Grey metal 3 2 

7 Brown and grey post .. 3 4 8 

8 Grey metal 3 4 9 

9 Grey post 5 6 

10 Grey metal 3 1 10 

38 1 9 

11 Ironstone, magnetic .. .. 4 

12 White shale mixed with \ n 5 n 



ironstone 
Carried forward. 



/ 



.. 39 4 9 



South Bore-hole, on Bosedale Mbor,- 

No. 

Brought forward . . 

13 Ironstone, magnetic .. 

14 Shale mixed with ironstone 

15 White post 

16 Shale 

17 Dark metal 

18 Shale with post girdle 



19 Ironstone, magnetic 

20 Inte. shale .. .. 



Total depth, fathoms 



-1858. 




FnukFt 


In. 


39 4 


9 


5 





1 


9 


2 


4 


1 1 





3 





1 5 


3 


45 4 


1 


5 2 





1 


6 


51 1 
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Aoomtnt of the Boring^ the Middle Hde, or No, 2, Fig, 1090, on Jiosddale JToor.— 1857. 



No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 



Fnis. Ft In. 
Freestone ramble ..030 

Metal 4 

Brown post 5 2 0) 

Grey post .. ..18 0[l2 1 
Brown post .. ..5 2 0) 

Metal 5 8 

Post with water 5 

Metal 5 

Coal 4 

Metal 2 6 

White post with water ..080 

Metal 2 16 

Grey and brown post .. ..280 

Metal 8 2 

Brown post 2 8 6 

Metal 8 5 

White post 4 

Metal 5 5 



Oarried forward .. 37 8 8 



No. 

19 
20 
21 
22 



FmB.Ft]ii. 
Brought forward ..87 8 8 

White post 18 

Metal 18 6 

White post 8 8 

Metal ironstone girdles .. 2 5 



42 
28 Ironstone 2 

24 White post mixed with whin 1 

25 Metal with ironstone girdles 1 

26 Black metal mixed with iron-1 q 

stone / 



4 
1 
2 
1 



8 
8 

6 



4 



48 1 

27 Ironstone 5 2 

28 Inte. grey shale 110 



Total depth, fathoms .. 54 4 



Account of the Boring, No, 8 Bole, Fig, 1090, or North Bole, on Boeedale IToor.— 1858. 



No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 



VvaM.Ti. In. 

Clay 110 

Brown post 11 5 

Grey metal 4 10 

Brown post 8 3 6 

Grey metal 2 

Brown post 2 10 

Grey metal 2 5 

Brown or grey post ..800 

Grey metal iroiUBtone girdles 4 10 

Grey post 4 6 

Grey metal 2 5 6 



88 8 6 

12 Ironstone, magnetic .. ..046 

13 White shale, mixed withl i i o 



ironstone 

Carried forward 



40 3 



No. 

Brought forward 

14 Ironstone 

15 Shale, mixed with ironstone 

16 GuUitypost 

17 Ironstone, magnetic .. .. 

18 Light-coloured ironstone .. 

19 White post, mixed with whin 1 

20 Ironstone, magnetic .. .. 

21 Grey shale, mixed with iron- 1 , 

stone and post girdles . . / 

22 Black metal 



Fma. Ft. In. 
40 8 
8 
5 9 
9 
5 6 



8 
1 
3 

2 

2 









6 



23 Ironstone, magnetic 

24 Inte. shale .. .. 



47 
4 5 3 
4 



Total depth, fathoms.. 52 8 3 



It will be seen, therefore, that for a distance of 580 yards from the pit. No. 1 on the section, 
Fig. 1089, to the boring No. 2 on the same section, the thickness of this bed of ironstone is nearly 
the same, and that this is the case likewise at the other two bore-holes, Nos. 1 and 3, at right 
angles to the above line of section, the respective thicknesses being as follows \— 



Drift 

No. 1 bore-hole.. 



Ft In. 
32 
82 



No. 2 bore-hole.. 
3 



M 



»> 



Ft In. 
32 
29 3 



These borings and sections show two distinct beds of ironstone, stratified with great regularity ; 
and they prove most conclusively that neither of them is at all like what Bewick terms '* nothing 
more than a volcanic dyke.** 

It will be seen by the map of the district. Fig. 1088, that a border is traced aropnd the edge of 
the valley; this is undoubteoly the outcrop of what is called the "top seam'* of ironstone, as it 
can be traced south and east into Eskdale, and towards* Grosmont and Fryupdale ; and also north 
towards Swainby and Boltby, in which localities Marley has given sections of the top seam, and 
also of the Cleveland main band. Supposing this outcrop m the Bosedale valley to be the 
top seam, then the upper bed in the sections. Figs. 1089, 1090, is un<}ueetionably the top seam 
likewise; and we there have a bed of ironstone upwards of 80 ft. thick, lying parallel to and 
strictly conformable with the ^ top seam " (and separated therefrom onlv by a thin bed of shale)j 
of an entirely different character nom either such top seam or the main oand of Cleveland. 

I have (says Wood) laid down on plan. Fig. 1089, a section of the strata given by Marley, at 
Grosmont to the south-east, and at the Swainby mines to the north ; and I have added the section 
at Eston Nab. It should be observed, idso, in corroboration of the upper bed of ironstone, 
Fig. 1089, being the top seam, that a bed, or rather three or four beds, of ironstone intermixed 
with shale occur m the brook of Bosedale and crops out in the bank, which is generally believed 
to be the representative of the Cleveland main band, though the ironstone is very inferior, and not 
workable. I have laid down on the section, Fig. 1089, the position of this bed of ironstone, which 
agrees pretty well with its position in the other sections, making allowance for the variation in 
the thickness of the lias shale as found in the several localities. 

I have (observed Wood) likewise, in Figs, 1088, 1089, shown the position of the quarry, which 
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appeals to have slipped down below the level of the beds, as shown by the drift and borings. 
This appears to have been occasioned by a slip-dyke which crosses the drift near the pit, as shown 
on the plan, Fig. 1088. It will be seen by this plan that the drift passed through alluvial soil 
and shale up to near the pit, when this dyke was crossed and the ironstone cut, as shown on the 
plan. This dyke is supposed to run in the direction shown on the plan, crossing the drift near the 
pit, and throwing the strata down on the south-west side, and, consequently, the strata comprising 
the quarry ; and it appears that the quarry itself is much broken, and has very much the appear- 
ance of a disjointed slip, the elliptical nodules being in a mass of confusion, as shown on the 
plan. 

It has been supposed by some parties that this dyke has given the magnetic character to the 
ironstone : but it is well known that the character of the ore must be changed from a peroxide to 
a protoxide to become magnetic, which the crossing of the d^ke through the strata oould scarcely 
accomplish ; and then we have the entire absence of shells in the lower bed, while the matrix of 
the upper bed or top seam is entirely calcareous and filled with shells. The concretionary nature 
of the stone, and the much greater percentage of iron produced by this deposit over that of either 
the top seam or the Cleveland mam band, are also characteristic of this bed of ironstone ; the 
analysis given by Marley of the Rosedale stone being upwards of 50 per cent, of metallic iron, 
while the top seam and main band are about 82 to 85 per cent. ; and the produce of a large quan- 
tity smelted at Consett gave 55 per cent, from the calcined ore, and 45 per cent, from the raw 
stone. 

Whatever opinion may, therefore, be formed of the cause of this deposit, we certainly 
have the fact that, for a width of 400 yds. and a length of 580 vds., we have a bed of ironstone 
highly magnetic, of an almost entirely uniform thiclaiess, totally different in its mineralogical 
character from the ordinary stone of the district, and ^fielding in produce nearly 20 per cent, more 
iron in the furnace. To what extent this bed may eust beyond tne extent already proved will be 
the subject of further investigation ; but it will oe a very extraordinary anomaly in geology if a 
bed of such uniform thickness should not extend to considerable distances. It has been stated 
that a similar bed has been discovered in other and distant localities ; not being myself cognizant 
of the facts, and my information not being very precise, I abstain (says Wood) from giving such 
information at present. The importance of such discoveries are of too great interest in the district, 
and too valuable in a commercial point of view, to remain long unexplored, and therefore we may 
hope that at some future period the Institute will be favoured with an account of such deposits. 

The President's paper on the Bosedale Ironstone having been read, a discussion thereon was 
taken. 

Bewick said the magnetic ore in the quarry was a casual deposit in the shape of a dyke or 
vein. 

Marley, — ^I understand, since I was at Rosedale Abbey, that which the President stated to be 
the top seam had been discovered in a regular stratified state on the south side of the magnetic 
quarry. At the last discussion we had on the subject, I admitted if that bed of ironstone had 
been discovered keeping on its uniform rise and (up, from the north side of the quarry to the 
south, I had been mistaken in supposing the magnetic seam to be the same as that of the seam 
then discovered on the north side of the quarry. Then, as to whether it was a vein or a bed, or 
whether, what I supposed at the last meeting, it was an overflowing between soft strata, similar to 
'* flats " in lead veins, I had not an opportunity of forming an opinion, for want of the t^ree bore- 
holes, which have now been g^ven. 

The President — ^What you stated was quite correct. The top seam had not then been found on 
the south side of the quarry. It is now found on the south side as well as the north side ; but I 
do not think we have yet discovered the magnetic stone on the south side of the quarry, except in 
the drifting and borings. 

Marley, — When I made my examination, preparatory to reading my paper, the top seam at the 
point A on Fig. 1087, therein referred to, was lost, and no continuation was found south of the 
magnetic quarry ; but, by competent witnesses, I have been informed it is now found south of 
the said magnetic ouarrv. But, if the magnetic stone is a bed, it is extraordinary so large an 
extent of country snould give no trace of it, as at Grosmont and other places we have not the 
slightest trace of it. At Ingleby they are putting three bore-holes down, with a view of proving 
the existence or otherwise of the magnetic ironstone there. They are now, I believe, past the top- 
seam position, but have got nothing but shale yet. These borings will prove about 100 fathoms 
of strata. I have hitherto been of opinion that the round particles, in the specimens of magnetic 
ore, are oolitic shells. 

The President, N, Wood. — "No, I believe they are iron, with a siliceous matrix. 

Marley. — Has one of those globules ever been analyzed by itself, and found to be pure iron ? 

Wood. — I do not know ; but I believe there is no calcareous matter in those particles which 
there would be if it were shells. 

Marley. — Unless it is some peculiar formation. 

Wood. — ^Then the shell is gone, and the iron left. 

Boyd. — The chemical part of the shell remains in the Cleveland stone. 

Marley. — The magnetic stone is not in analogy with the Cleveland. 

Wood. — ^It has changed its character from a peroxide to a protoxide. 

Marley. — I acknowledge the magnetic stone is free from " pectens." 

Bewick. — After hearing what has been stated by our President, I am bound to say our opinions 
are as much opposed as ever ; and I shall endeavour to show you that the ironstone beds they have 
BOBKD TRBOUGH at Roscdalc Abbey are not the same as the magnetic ore and top bed found by 
the side of the valley, that, in fact, the borings have not reached those deposits by several feet, 
and that, therefore, they have not as yet proved anything more respecting them. The strata they have 
bored through are quite above them, and yon will find on looking at the table of the borings. 



BOBINO AND BLASTING. 



609 



published with the Jnly dtseiusion, that an important member of the Boriea, which immediately 
OYorlies the top bed is wanting. I allude to the great sandstone rock, which is seldom under 50, 
and sometimes met with 100 ft. thick. This rock does not appear in the borings at alL 
Wood. — ^Yes, it does, namely : — 



Brown freestone . . No. 1 bore-hole 
Brown and grey poet „ 
Brown post m 3 



»» 



M 



n 



FioML Ft. la 

12 5 6 

12 1 

11 5 



with other beds of post, 
mixed with shale. 



I0S6. 



Bewiek. — ^That is not the sandstone I allude to. That rock is found higher in the series, and 
belongs to the coal measures, which your bore-hoies have gone through ; but, as I have just said, 
they have not yet reached the other sandstone, and 
cannot, therefore, have touched the top bed. In 
this section, Fig. 1096, you have, in my opinion, a 
type of the ironstone you have gone through in 
your borings. The seams here are thin and divided, 
and the shale between them is interspersed with 
iron nodules ; and, as you admit the seams are split 
in the last bore-hole^ it but serves to confirm my 
opinion that they are one and the same. They c\ 
occupy the same geological position in the series — c^i 
that is, they intervene the groat sandstone rock and 
the coal measures in the oolitic series. 

Wood. — ^Do you purpose giving the sections for 
publication ? 

Bewick. — ^Tes ; I intend le£tving the whole of the 
sections with you for that purpose. The thickness 6 1 
of every stratum, in the diagpram representing a 
cross-section of the vale of Bosedale, is taken from 
the table of the borings before referred to, in 
which I may here observe there is an error of 3 
fathoms 2 ft. The total ought to be 48 fathoms 2 ft. 
instead of 51 fathoms 4 ft. ; and if you take from 
this 1 fathom 1 ft. for the grey shale they have left 
off in, below the ironstone, it leaves 47 fathoms 1 ft. 
from the top of the bore-hole to the bottom of the 
ironstone. I am thus particular because I have 
taken a line of levels, commencing at the south 
drift, by the side of the hill, and terminating at the 



Reference : — 1, 2, 8, Soodstooa, shale, and coal. 
4, Sandstone. 5, Upper lias, a, 6, c, Ironstone. 



jot4M bore-hole; and I find there is a difference in the height of the level, and the depth 
of No. 2 bore-hole. Fig. 1090, of 64 ft., fullv corroborating what I have before stated, namely, 
— That the bore-holea have not yet reached the sandstone which overlies the top bed; and if 
you will allow me to explain my sections, I think they will prove to you that the ironstone 
they have cut through belongs to that which we call the oolitic beds, and which are found 
in different localities in the Grosmont district, not so thick, it Ib true, neither are they mag- 
netic ; but they are found, as I before stated, occupying the same geological position, and accom- 
panied by the same description of strata. Section, Fig. 1096, is taken between Groathland Mill 
and Beckhole, near Orosmont, which, yon will observe, contains the same alternating strata 
of sandstone, shale, coal, and ironstone, as you see in section. Fig. 1037, which is a transverse 
section of the vale of BocHBdale, representing the strata they have bored through there. The iron- 
stone beds a and c, in section. Fig. 1096, are, in my opinion, the same as those marked a and c in 
section. Fig. 1087. The bed c is very irregularly diffused throughout this imrtion of the oolitic 
district. It is found in the nodular form. In some places you find it of considerable thick- 
ness, and then, again, entirely wanting. Sometimes of good quality, but more frequently coarse 
and inferior, and gradually alternating with the sandstones. The bed a is more regular, but 
thinner, and of very good quality ; its upper portion consists of a nodular bed averaging from 
8 to 6 in. ; and the lower portion a bed averaging from 12 to 18 in. in thickness. Wherever I have 
met with those beds, however, I have always found them so variable, both in extent and thickness, 
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as to afford no reasonable prospect of their paying for working. They may certainly be found 
different at Bosedale ; but I would just observe ttiat I consider boring a most faUaciouB mode of 
proving ironstone deposits in strata such as that which these borings have gone through, you are so 
liable to mistake a nodule for a bed, or a portion of a bed. I shall be much siurpnsed if you do 
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not find the section of your shaft, should you sink one, very different from the section of yonr 
bore^'hole. 

Wood. — -Then it is a question of policy, in Bewick's view of the case, oommeroially considered, 
whether the borings should not be continued. With regard to the identity of the position io 
the series of the bed of ironstone ranging around the Bosedale valley, as shown in Fig. 1097, and 
also in Fig. 1087, it appears to be undoubtedly the top bed of Cleveland. All parties admit this. 
Then the question is. Is the bed of ironstone proved at the pit No. 1, Fig. 1089, and the bed 
corresponding therewith and proved in the bore-holes Noe. 1, 2, and S, and therein designated by 
me as the top seam, the same bed of ironstone ? Bewick thinks not. and that the borings have not 
vet reached this beid. I can, of course, only refer to the borings, driftings, and the section of pit 
No. 1, and I must add that there appears to me no doubt whatever on the subject ; and the fact 
that, according to Bewick's plan. Fig. 1097, we have the top bed on both sides of the magnetic 
quarry, ranging as accurately as can be conceived with this bed in the borings, confirms this 
supposition, in my opinion. It is true that this bed is at a lower level at the south or left-hand 
drift than on the north side, but this is clearly the effect of the dyke shown in Fig. 1087, which 
throws down the strata in that direction. With regard to the supposed want of what Bewick calls 
the thick sandstone strata immediately above the top bed of ironstone, and shown on the section. 
Fig. 1096, to be 100 ft. thick, I have looked carefully over the sections given in Marley's paper, 
and I do not find in any one of them, except at £!8ton Nab, the extreme northern point of 
the district, any bed of sandstone approaching to that thickness, and there the section given is 

Ft. In. 

Freestone 60 

Shivery post, patohes of jet, and fire-clay 54 

Top seam, exclusive of shale bands 13 

At Bosedale Cliffs, between Staiths and Bunswick Bay, we have 

Freestone 26 

Fire-clay 4 6 

Freestone shale 5 5 

Blue shale 10 

Top seam, exclusive of shale bends 4 7 

Still farther south, the sandstone at Wreck Hill is only 10 ft., with 2 ft. 6 in. of shale covering 
the top seam ; and at Grosmont, Marley gives 25 ft. of sandstone, and another section at 58 ft. 6 in., 
which he says varies in thickness and quality. At Fryupdale, the thickness of sandstone is given 
at 55 ft., and at another place, namely, Swainby, the following is the section : — 

Ft In. 
Soil, &c 3 

INear the limekiln this is 
100, with 9-inch iron- 
stone balls in it. 

Slaty coal 9 

Shale 10 

Sandstone .. .. 4 

Slaty coal 9 





6 


6 


Shale 


5 





Coarse freestone 


3 


6 


Shale, with occasional nodules of ironstone 


13 





Top seam 


• • 


• • 



28 

Considering, therefore, that in the boring there is about 60 ft. of sandstone, there does not 
appear to me any substantial difference between the shale in those borings and in the other parts 
of the district to justify the supposition that the upper bed of ironstone is not the top seam. 
Bewick thinks the bore-holes have not reached the sandstone he describes. If so, he should like 
to ask Bewick what seam of ironstone that is in the district which has been bored to ? 

Bewick, — It is, in my opinion, as I have previously stated, the ironstone found in the oolitic 
series. 

Wood. — Where does it occur in the other districts ? Where do you find another similar deposit 
in Mr. Marle3r's sections ? 

Marley. — Dr. Verity gives a variety of ironstone seams. If you refer to my paper, you will find 
there are several ironstone seams lying over the seam, which we agree to be the top seam of 
Cleveland. Professor Phillips said that, with the exception of the classification of names, this 
section was practically correct. 

Wood. — Do you think the ironstone which crops out all around the valley of Bosedale is the 
top seam? 

Bewick. — ^I think so ; I have no doubt about it. 

Wood.—li we are agreed about the deposit of ironstone found cropping out around the valley of 
Bosedale, as ^hown in the different plana, then there can be no difficulty in tracing the sandstone 
overlying that bed to the sandstone first of all simk through at the pit. Fig. 1089, and thence to 
the borings Nos. 1, 2, and 3 ; and these borings having passed through the upper bed of ironstone, 
below such sandstonp, and then through the magnetic bed, there cannot be tne least doubt of the 
geological position of these beds. With reference to the levels, there is no discrepancy whatever 
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in that respect ; there is a Hse in beds in the line of the drift, and in the extension of that line to 
the borings, and the direction of the line between the borings seems to be nearly water-level at 
that part. There is not, therefore, the least discrepancy on this point. I have taken the Ordnance 
maps as my guide as regards the levels, aad have no doubt thev are correct. Whatever opinion 
may, therefore, be arrived at with respect to the comparison of the beds proved in the borings and 
in the pit, with the beds at Grosmont, &c., there appears no doubt in my mind that the mass of 
ironstone of the quarry is a detached portion of the thick or lower bed of ironstone, and that such 
bed exists in situ for a considerable, and, of course, at present, for an unknown extent in the 
locality of Bosedale. 

Bewick. — ^If our President means by pit Fig. 1089 the air-shaft sunk on the main drift, I quite 
agree with him that the sandstone found in that shaft is the same as that which overlies the top 
seam ; but, I beg to say, I entirely differ from him in supposing it to be the eame as that they 
have gone through in the borings. I am also opposed to his opinion with reference to the direc- 
tion of the dip and rise of the strata. There can be no doubt, I think, but the strata on the west 
side of Boeedale, and to the south of the crown — that is, the point from whence the strata dip in 
contrary directions — are dipping in a south-westerly direction, as shown in my section. Fig. 1097, 
and stiU more clearly proved by the drift commenced on the south side of the magnetic dyke, and 
driven in a line with the south bore-hole, running nearly west, but which has been discontinued, 
owing to the top seam, in which the drift was commenced, dipping so much in that direction, 
inst^d of rising, as our President supposes, as, at the distance of not many yards, to be completely 
under water-level. With reference to the slifHdyke or fault mentioned by that gentleman, I can 
only state that I have never yet been able to discover any dislocation or aisturbance of the strata, 
other than what has been occasioned by the dyke of maffuetio ore in its immediate vicinity. Then, 
as to the extent of the magnetic ore, all I can say is, I Jiave paid several visits to Bosedale solelv 
for the purpose of examining the strata in that neighbourhood, the manv deep ravines which 
abound there affording ample opportunity for doing so, but I have never been able to trace the 
magnetic ore beyond the vicmity of the quarry, and every visit only serves to convince me that it 
is a casual deposit, in the shape of a dyke or vein. A bed, however, of 560 yds. in length, and 
from 80 to 32 it. thick, cannot oe identified with a casual deposit ; nevertheless, I think, very pro* 
bably there may be a mistake in supposing you have a solid mass of ironstone 32 ft. thick. This 
may have occurred from the borera naving cut through nodules or irregidar patches of ironstone, 
and also from the shale in which it is found being very hard, and of the same colour as the iron- 
stone. From these ciroumstances it is an easy matter to be misled by borings. 

Wood, — Whatever may have been the result of investigations on the surface, I do not think I 
can add any further information to that already given and shown on the plans, to prove that a 
thick bed of ironstone of about 32 ft. exists over a space of upwards of 560 yds. in length, and 
200 yds. in width, with not the least indication of any change or termination of such deposit. 
It would, indeed, be a most extraordinary occurrence in the annals of boring, to suppose that 
occasional nodules, or irregular patches of ironstone, should have produced the result recorded in 
these borings. The boring through the ironstone beds was performed under the immediate inspeo- 
tion of Stott, a well-known experienced borer, who kept the specimens brought up the bore-hole ; 
and I can add, that I examined a great many of the specimens myself with a magnet, and found 
them magnetic. There is not the least pretence for supposing that shale could oe mistaken for 
ironstone. Have you seen any nodular magnetic ironstone in the Orosmont district? 

Bewick. — Never. You must remember (addressing the President) that you stated at the 
October discussion in 1857, that Professor Phillips and yourself had discovered the magnetic ore in 
" two localities two miles apart," namely, at Sheriffs drift and at the Quarry : and, again, in the July 
discussion of last year, you stated the stone in the drift south of the dyke was magnetic, but on 
examining it I found this not to be the case as regards both the drifts. I believe the reason why 
there are so many conflicting opinions with reference to the nature and extent of the magnetic ore 
is owing to the difficulty there is in distinguishing the ore from the top bed — that is, in separating 
the igneous portions from the sedimentary ; for, although they are both frequently magnetic in the 
immediate vicinity of the dyke, there is yet a vast difference between them. The igneous portion 
is harder, heavier, and more compact than the sedimentary ; and the former appean to have acted 
upon the latter whilst in a heated condition, much in the same way as a magnet acts upon a piece 
of common iron, imparting to it a portion of its peculiar magnetic properties. I may here be 
permitted to add, that whilst I believe this ore to have been subject to a heat sufficient to evolve 
the different gases it contained, I yet do not think the heat has been of that intensity so as entirely 
to expel it. We need not, therefore, be surprised at traces of carbonic acid being found in the 
chemical analysis of this ore. Here is a specimen of the igneous portion, which I took from 
the bottom of the quarry, and, after examining it, no one can doubt, I think, of its having been 
subjected to heat. 

Wood. — ^There is no doubt, as stated by Mr. Bewick, that portions of the top bed in Boeedale 
are oocasionallv magnetic, and it was this property which led to the mistake, if there are mistakes, 
in supposing the magnetic bed to have oeen discovered at Sheriffs drift, and at the drift south 
of the magnetic quarry. The explorations at that time had not been sufficiently extended, nor 
have they yet been prosecuted to such an extent as to ascertain if the magnetic bed exists in 
those localities. Finding part of the ironstone partaking of magnetic influence led to a supposi- 
tion that this bed did exist in those localities, and the subsequent explorations have not been 
prosecuted to an extent to ascertain the fact either one way or the other. To Bewick.—Fiom what 
part of the quarry did you take this specimen ? 

Bewick. — It is from the floor of the quarry. This (showing another specimen) is a sample of the 
top bed which appears to have been partiallv burnt, and you will at once be able to detect the 
difference between them. These (showing other specimens) are samples of tl\e ironstone found in 
the oolitic rocks, in the neighbourhood of Grosmont, some of the nodules of which are amongst 
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the richest of the clay or calcareous ironstones. I omitted to state that, with the exception of the 
first 60 ft.f where the ground was so steep that I could not fLx. my instrument, and from which 
there may be some slight inaccuracies, I took my levels with a good and safe instrument and the 
operation was performed in the ordinary way of back and fore sights. I find the difference 
between my levels and what I suppose the correct position of the top bed of ironstone, and that 
shown by the bore-holes, to be 64 ft. 

Wood. — The question of the difference of the levels rests entirely upon the assumed inclination 
of the beds ; a difference of level of 64 ft. in a distance of 400 yds., accords, in my opinion, with 
what may be supposed to be the regular inclination of the beds. 

Bewick, — Yes ; but in your section you connect two sandstones which have nothing to do with 
each other, namely, the sandstone found in the air-shaft immediately overlying the top bed, and 
the sandstone found in the bore-hole, between which there are several feet of altematimf strata ; 
and to do which you must of necessitv raise your level line, and show the strata to be rising in 
that direction ; but the drift you have driven some distance into the side of the hill, and at the same 
point as my line of levels, shows the strata to be dipping in that direction, I may mention, too, 
that had another bed of 82 ft. thick really been met with in the bore-hole, it must have been 
found along the sides of the valley, which are intersected in so many places with mountain 
streams, aU of which have been searched by persons having a fair knowledge of the geology 
of the immediate neighbourhood, but without the least trace of it having been met with. 

Wood.— I cannot think that there is the least doubt that the sandstone in the pit, No. 1, 
Fig. 1089, is the same sandstone as that proved in the borings ; all the appearances on the 
surface, as well as the general rise and dip of the strata, prove this. Extending the line of 
section across the valley, it is clear thero is a general rise of strata along the line of section. No 
doubt the strata in the drift dip towards the west, but that is no doubt infiuenced by the slip-dyke 
which crosses it. I would observe that, taking the line of section along the face of the vfldlev in 
Fig. 1087, in the direction of the dotted line a 6, and applying the inclination of the top bed of 
ironstone, shown Fig. 1097, to that line, and not to tne curved or projecting line along the flioe 
of the hill, the position of the bed would be rising from a towards 6, and it would require a slip- 
dyke, shown Fig. 1087, to throw the bed into its proper position along the face of the valley 
to the west of the ma^etic quarry. On examining Fig. 1087 it will be seen that the magnetic 
quarry and the top bed of ironstone, as shown in Fig. 1097, project considerably to the east of the 
general line of the side of the valley, which, being towards the dip of the strata, shows the top 
Ded at a lower level than if the section had been continued in a more direct line, or in the direc- 
tion a 6. Whatever conclusion, theroforo, may be arrived at after all the explanations given, we 
have the fact of an almost horizontal bed of ironstone, and of nearly a uniform thickness, distinct 
in character from the ordinary beds of the district, extending over a length of 568 yds. and a 
width of 200 yds., which clearly proves that it is not a vein. How much greater distance it 
extends, must be left to future expforations to prove ; but it would certainly be an extraordinary 
anomaly in geology for such a thickness of strata to disappear altogether in a short distance, lif 
it extends across the valley, as shown in Betoicffa plan. Fig. 1096, then there is no reason to sup- 
pose that it may not extend to the same distance to the north ; and if, according to Bewick, the 
borings have not yet reached to the top bed of ironstone, then the deposit of ironstone, in the valley 
of Bosedale, is richer in ore than either Professor Phillips or myself has set forth. The correct 
extent must, however, be left to ftiture explorers to discover. Enough has been proved to show a 
most extraordinary deposit of a very peculiar and rich ironstone, and well worth further investi- 
gation. 

Bewick. — There is a section of the cross drift, shown in Fig. 1089, driven at right angles from 
the main drift to prove the breadth of the dyke, and which, at the distonoe of 16 yds., cuts the 
shale, and apparently touches the top seam at the same time. At the distance of 6 yds. the stone 
in this drift ceases to be magnetic. It is, therefore, incomprehensible to me how it can again 
become so at the distance of 200 yds. from this point. Of course, you have a right to infer from 
the information that reached you that such is the case. Still I would strongly recommend that 
the borings should be continued to prove whether the sandstone be below you or not, to ascertain 
which coiSd not fail to give great satisfaction to all concerned ; the cost would not be great, as the 
bottom of your borings must be near the top of that rock. 

Wood. — The cross drift was not sufficiently extended to the west to prove the dyke, but, as 
there was a considerable rise of the strata in that direction, no doubt such an inclination has been 
occasioned by the proximity of the dyke, shown on the plans. Figs. 1087, 1088. All the facte show 
that the slip-dyke nas been a dislocation subseouent to the formation and consolidation of the various 
beds affected by it ; and consequently such ayke could not, we can scarcely conceive, have any 
infiuence on the character of the ironstone bed itself, especially as it is not contended, I believe, 
that such dykes are either of a basaltic or mineral character, there being no appearance, in my 
judgment, to justify such a conclusion. 

Tubing Bore-holes. — P. 8. Reid being consulted as to the chance of finding coal in the Cleveland 
district, at Kirklevington, near Yarm, and finally he was requested to superintend a boring then 
pursued to the depth of 582^ ft., but which, owing to ciroumstances which were difficult to deter- 
mine, had become very expensive, and made slow progress. 

The 582^ ft. had been done entirely by manual labour ; but Reid recommended the erection 
of a horse-gin, in which the power was applied to a 40-in. drum placed upon a vertical axle, the 
arms of which admitted of applying two horses, and men at pleasure, the power gained being in 
the proportion of one to ten at the starting-point for the horses. 

Upon the upright drum a double-ended chain was attached, which worked over sheer-legs 
erected immediately over the hole, so as to attain an offtake for the rods of 10 fathoms, and so as 
that, in the act of raising or lowering, there might always be one end of the chain in the bottom, 
ready to be attached, and expedite the work as much as possible. 
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These arrangements being made, it was soon found that there was a defect in the tubing which 
was inserted to the depth of 109 ft., and the defect was so serious, in permitting the sand to descend 
and be again brought up with the boring-tools, as to render it very difficult to tell in what strata 
they really were ; this increased to such an extent as to cause the sUting up of the hole in a single 
night to the extent of 30 fathoms, and occupied nearly a fortnight in clearing the hole out again. 

On carefully examining into this defect, it appeared that the water rose in the hole to the depth 
of A, Fig. 1098, 74 ft. from the surface ; and that at this point it was about level with the high- 
water mark on the Tees, about two miles distant, which it was no doubt connected with, by means 
of penneable gravel beds, extending from the arenaceous strata at B, Fig. 1098. 

On commencing to bore, the motion of the rods in the hole caused the vibration of the water 
between A and G at the bottom of the tubing, and so disturbed the quiescent sand as to cause it 
to run down through the faults in the lower end of the tubing at the latter point. 

This tubing was made of galvanized iron plates, riveted together and soldered so as to attempt 
to make it a water-tight casing ; at the top of the hole it was in three concentric circles, which had 
been screwed and forced down successively until an obstacle was met with at each different place 
shown by the letters D, £, G. So soon as the outer circle reached the depth of D, all hope appears 
to have vanished, from those who bored the earlier part of the work, of getting the tube farther ; 
a second tube was, therefore, inserted, which seems to have advanced as far as the point marked 
£, where it, in its turn, was abandoned ; and a third one advanced until it rested in the strata at 
C, which is, no doubt, the lower part of the lias freestone of a blue nature, as found on the rocks 
at 8eaton Garew, and in the bed of the Leven, near Hutton Rudby. The diameter of the first 
tubing was 8^ in. external and 3} in. internal ; the second tube was 3^ in. external and 3 in. 
internal diameter ; and the third tube was 2f ih. external and 2} in. internal diameter. 

Such being the account gathered from the workmen who superintended the earlier part of the 
boring, it became necessary to decide upon the best course to remedy the evil. At firat sight it 
would have appeared easy enough to have caught the lower end of the tubes by means of a fish- 
head properly contrived, and thus to have lifted them out of the hole, and replaced them with a 
perfect tube, such as a gas-tube, with faucet screw-ioints ; but, on attempting this, it soon became 
evident that, however perfect the description of tubing which might have been adopted, it would 
be a work of the greatest difficulty to extract when once it was regularly fixed and jammed into 
its place by the tenacious clayey strata surrounding it ; and that the difficulty of extracting, in the 
present case, was even enhanced by the inferior quality and make of the tubing : in short, that, unless 
by crumpling it up in such a manner as to destroy the hole, it was impossible to extract this tubing 
by main force. 

There was, therefore, no other choice left, but to attempt cutting it out, inch by inch ; though 
before doing so. I may add, says Reid, that we did attempt main force, to the extent of upwards of 
SO tons, appliea to the bottom of the tubing, in which the only success we attained was, the losing of 
several pieces of steel down the hole, which we were compelled to fish up with a powerful magnet. 

After much mature consideration and contrivance, it was determined to order such a perfect 
tubing as would at the same time present as little obstacle as possible to the clay to be passed 
through on the outside, as well as surround the largest of the tnree tubes then in the hole, and 
present no obstacle to their being withdrawn through its interior. 

These tubes were made 12 ft. in length, flush outside and in, the lower portion being steeled 
for 6 in. from the bottom end, so as to cut its way and follow down the space, and cover that 
exposed by the old tubes when cut and drawn, as shown in Fig. 1099. 

In order to commence operations, and avoid too much clay going down to the bottom of the 
hole, a straw-plug was firmly fixed in the lias portion of the hole at F, Fig. 1098. The lower 
portion of the new tubes was then screwed on to the top of the old ones by means of powerful 
clamps, attached to the exterior in such a manner as to avoid injuring the surface ; and so soon as 
it was evident that they could be screwed no farther, the knife or cutter. Figs. 1099 to 1101, 
was introduced inside the old tubing. Some force, it will be evident, was needed to get this knife 
down into the tubing, but the spring a giving so as to accommodate itself to the hole, permitted 
its descent to the dlstiemce required ; this beine effected, it was turned round so that the steel cutter, 
shown at 6, being forced against the sides of the tube, cut it through in the course of ten minutes 
or a quarter of an hour's turning. See section at 6, c. Fig. 1101. 

The old tubes being three-ply, three of these knives or cutters were required to cut out the 
three tubes, the inner one being detached first, and then the two exterior ones ; and so soon as these 
lattOT were cut out as far as they had been forced into the clay, the work became simplified into 
following down the interior tubing by the new tubes, as shown by the dotted lines from dioe, 
until we arrived at the lower end, where it was evident that the old inner tube had been so 
damaged or torn, either by the putting in or hammering it down, as to leave a vent or fissure for 
the sand to descend, and thus spoil the whole of the work for all future success in the boring, to 
say nothing of the very great cost of lifting the sand out, and subsequent most arduous labour to 
put the hole right. 

We (says Reid) finally recommenced the boring after about a month's labour in taking out the 
old tubings, leaving the new ones firmly beddeof into the lias formation at G, Fig. 1098, 112 ft. 
from the surface, and subsequently bored to a depth of 710 ft. in the new red sandstone formation, 
proceeding at the rate of about 8 ft. in the 12 hours, and leaving the hole so as, if requisite, it may 
oe widenra out to 4 in. diameter; and, possibly, should more sand be met with on reaching the 
magnesian limestone, or sands connected with it, it may again be retubed and the work con- 
tinued to such depth as may be desirable. 

Reid observed, ih his paper published in the * Transactions of the North of England I. M. E.,' 
'* To the care of G. B. Lloya in the manufacture I attribute a good deal of my success in renewing 
these tubes. At the same time, the experience so gained in their construction convinces me that 
if adopted in many places where air-holes are required in mines, and which will not justify the 
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OMt of ainking a pit on a large scale t^ 
miiDiial labonr, good well-made tubes of this 
deacriplion might, even up to IS m. diameter, 
answer as a convenient tubing for air-shaft 
sides ; and the interior oould be extracted 
by boring-toola, similarly to those adopted in 
arteiian v>ells and miuea on the Cootutent, 
by Kind and Degooa^. 

"I am further conTinced," remarks B^d, 
" that in the artesian wells, especially in 
passing through objectionable springs, the 
tubes would answer admirably, and that they 
coold, by powerful clamps, be readily forced 
down, eo as to secure a large volume of water 
from the lower strata, and effectual]; prevent 
the iiynrions mixture of inferior supplies. 



^.. 







"Fig. ID9SBhowe the geological position 
of the upper portion of the bore-hole, and the 
depth to which the imperfect tubing was in- 
serted ; it hLw shows the tidal range, which 
we wore ultimately able to take iidvantage 
of, by sioking so as to get 4 fathoms mora 
offiake, and expedite the work; the water 
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still riBing only to A, and flowing always from that point when passed down the hole. Fig. 1099 
shows the action of the knife and spring-entter, when forced do¥m into the tubing, ready to 
oommenoe cutting. It also shows the lower end of the new tubing enclosing the others at the 
commencement of the work; the junction of the tubes, by means of the half-lap screw, being shown 
aty. Fig. 1100 shows a front view, with knife or cutter 6. Fig. 1101 shows the action of the 
spring and cutter when the requisite length is cut through and ready for lifting ; the position of 
the tube being maintained perpendicular, or nearly so, by the ball or thickening on the rods at K, 
and the lower end of the tube being supported by the projecting steel cutter at 6, the dotted 
lines from </ to « showing the position of the new steel-ended tube when screwed down ready for 
another operation. In boring deeper after the tubes were removed, three wooden blocks were used 
round the rods in the new tube to keep them plumb. 

^ In examining the nature of the strata thus passed through, as described, it will be evident that, 
to ensure success, the tubing, of whatever it is made, should be as truly cylindrical as possible, 
straight, and flush surface, both outside and in. It will also be evident that in thus joining pieces 
of tuoing together in this manner, the thickness ought to have a due proportion to the work 
required, and the force likely to be used in screwing them down ; and also tnat the only correct 
way of getting such tubes effectively into the ground is by screwing and not hammering, as in the 
case of pile-driving, or similarly to foroing a nail in. The author has seen this attempted on 
several occasions, but invariably with failure to the success of the work, and is convinced that no 
successful practical borer will adopt such measures. 

*'In some cases we had to widen out holes below the sharp edge of tubing, so as to permit its 
descent. This is an operation requiring great care and attention." P. S. Beid, in concluding, 
observed, '*That no branch of mine-engineering is Qualified to bring out more thoroughly the 
abilities of a young engineer than a perfect knowleage of the science of boring, reoniring, as it 
does, the best medianical skiU, as well as the best knowledge of assaying rocks oy chemical 
analysis. He is aware of more than one deep boring in important districts, which were finished 
many years ago, and cost large sums of money, but which, in the then knowledge of chemistry, 
were not oriti«dly examined, and hence, so far as their results are concerned, are utterly useless ; 
the fact being that, beyond the colour of the material bored through, it is unknown whether it 
was a limestone, or what it was, to this day.** 

Bock-boring Machinery, — ^In drivine a tunnel or quarrsring in hard rock, the only method 
whereby the rock can be worked is by blasting ; and the Bock-boring Machine, which we will 
presently describe, was constructed by George Low for the purpose of boring the blasting holes, 
with a view to facilitate and expedite the work by superseding the very slow and laborious mode 
of performing this operation by hand. The machine is driven by compressed air, and works a 
bonng tool or jumper for boring the holes ; and the boring-tool works in a direct line, with a self- 
acting reciprocating motion at a very high velocity, and is continuously turned round during its 
workmg. being made to rotate slightly between each blow. 

The iwring-tool is fixed direct upon the end of the piston-rod of a working cylinder ; and this 
working cylinder moves within another exterior cylinder, in which it is made to rotate for the 
purpose of giving the rotating motion to the tool. The working cylinder has also a longitudinal 
forward motion within the exterior cylinder for giving the advancing feed to the tool, the working 
cylinder being propelled forwards by the compressed air that wor^ the tool, thereby dispensing 
with the necessity for employing propelling gear, which is liable to break or get out of order, and 
is subject to rapid wear* The exterior cylinder is carried by a spherical trunnion in a movable 
radial arm or jib moimted on a tetvelling carriage, which gives the means of adjusting the boring- 
tool to any desired direction and position, so &at the holes may be bored in the most suitable 
directions, aocoiding to the strata of the rock, for the blasting to take the best effect in breaking 
np the rook. 

This rock-boring machine, which is the invention of G. Low, is shown in Figs. 1102 to 1112. 
Figs. 1102 to 1106 are sectional plans and longitudinal sections, showing the boring-tool and 
working cylinder in different positions during the working of the machine ; and Figs. 1107 to 1112 
are transverse sections at successive points. 

The machine is only 4 ft. 6 in. total length, being made as short as possible in order that it 
may be moved in any direction in the tunne^ so as to enable it to be set to bore at any angle and 
in any position and direction that may be desired. The working cylinder A, Fig. 1104, constructed 
of brass, is placed inside an exterior cylinder B of cast iron, which is fitted with a spherical 
trunnion G to support it in the radial jib or arm of the travelling carriage, as shown in Figs. 1122, 
1123. The inner cylinder A is free to move longitudinally within the exterior cylinder from end to 
end as it advances during the process of boring, asdiown in Figs. 1104 and 1106; and it is also free 
to rotate within the outer cylinder, for giving the rotating motion to the boring-tool D. The back 
end of the working cylinder A is packed wim a cupped leather, shown black in Fig. 1106, so as to 
be air-tight when moving within the exterior cylinder B. The front end of the working cylinder 
A fits into a wrought-iron cross-head E, in which it in free to revolve ; this cross-head is bored out 
on each side to slide upon the two screwed guide-bars F, which are bolted to the exterior 
cylinder B, Figs. 1106, 1110, and 1111, and are carried forwards to the end bearing G of the 
machine. The guide-bars F have a double thread of l(-in. pitch chased upon them from end to 
end, but the thread is planed off on the inner side of each screw down to the body of the guide- 
bar, for the purpose of obtaining greater compactness in the construction of the machine, as seen 
in the transverse sections. Figs. 1110 to 1112. 

At the back end of the working cylinder A is the air-valve N, Figs. 1106 to 1108, which is a 
ciroular disc valve with six inlet-ports and six exhaust-ports, as seen in Figs. 1107, 1108. This 
valve is tamed by a double spiral cam O, which is carried forwards into the end of the piston and 
piston-rod K, and b acted upon by the four rollers P P, Figs. 1106, 1109, bearing on both sides of 
the spiral wings of the cam. The spiral wings are so sloped that as the piston moves backwards 
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mni Tonruda the oam ia gontiy turned ot twisted, carrying with it tlie air-TKlve N fixed upon the 
■pindle of the cam. The Bloiies of the o&m we ao umaged that the vslre N open* the inlet-ports 
for sdmittinK the compiesBed air to Mt apon the htrge area of the pistoa, iu order to make the 
forward Etroke of the tool ; and the valve is then tnmed so as to allow the air to exhaust again 
after the pinion has Etruck the blow. The return stroke of the piston is prodooed b^ a constant 
pressure of the compressed air upon the smalt annular area of the front of the piston, the pressure 
for this purpose being maintained through the two ports shown in Fig;B. 1106 to 1110, which are 
always open. The exhaust air is discharged at the front end of the exterior cylinder B, being 
carried along giDovea in theoircumforenceof the working cylinder A, as seen in the plan. Fig. UM, 
and the transverse sectiona, Figa. 1107 to 1110. 

The boring-tool is caused to rotate by rotating the working cylinder A, the piston being 
prevented from turning in the cylinder by means of two flats planed on ommsite aides of the piston- 
rod K, which fit into corresponding flats in the atufflng-boi of the cylinder, as seen in Figs. 1106, 
1110, and 1115. The rotating of the working cylinder A, with the piston and boring-tool, is 
effected by band by the worm Q, Fig. 1110, which is tnmed by the handle B, Figs. 1110, 1111, 
and gean into a worm-wheel fixed on the square sliaft S. The brass pinion T, Figs. 1103, 1105, 
and 1111, slides npou the shaft S, and gears into the teeth U round the ciraumferenoe of the 
working cylinder A, Figs. 1104, 1111 ; so tliat by turning the handle B the working cylinder is 
caused to rotate ; and as the cylinder sdranees at each tnm of the nuts H, the pinion T slides 
forwards with it along the square shaft S, as seen in Fig. 1105. In an earlier construction of the 
boring machine, having a pair of cylindrical trunnions instead of the present spherical bearing C, 
a self-acting rotating motion was obtained from the spiral cam tliat works the diss air-valve N, 
by prolonging the spindle of the cam Uirough the bacli end of the exterior cylinder B ; and a 
conple of pawls on the end of the spindle worked into a ratchet-wheel on the end of the nqnnre 
■haft S, which was also prolonged backwards for the purpose in the Bl>senoe of the spherical lieoring 
C. Iu practice, however, it has been found preferable to rotate the working cylinder by hand, by 
means <^ the liandle B, as above described, because the very rapid reciprocation was very severe 
apon the self-acting rotating motion, mailing it liable to derangement : and the hand arrangement, 
besides having the advantage of simplicity, avoids the necessity of prolonging the shaft 8 
baokwBids, and thus allows of adopting the spherical trunnion C, which gives inotensed fMillty 
for turning the machine into any position desired for boring the holes. 

The cross-head E slides forwanls along the two screwed bars F as the working cylinder A ia 
advanced inside the exterior cylinder B during the process of boring ; and in front of the cross- 
head the nuts H are fitted on the screwed bars F, against whieb the croes-head and with it the 
working cylinder are pressed by the pressure of the compreesed air l>ehind the working cylinder A 
The nuts H are held from turning, and thereby prevented from going forwards, by four pn>- 
jecting stops upon their citcumferenoe, Fig. 1112, which *■' '•" *' <"i.~. i v—in—- tS=-~ 
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catches is placed a tappet J, do curved that It maj be itmck by the end of the initim-nid nbeo tho 

latter has renched the outer extremitj of it> stroke, as shown in Fig. 1105. 

The mode of action of thia adviuice motion i» aa follows : — The «»npreBged air is admitted b<r 
tlie flexible pipe L into the exterior cylinder B behind the back end of the working cylindei A, 
which is thus kept pressed outwards Eteeinst tbe cross-bead E, while the croBS-head is kept in its 
place and preTented from goine; forwards bv the nnts H, and these are prevented from tnniing bj 
the catches I. But when the boring-toul D has advanced { in., the distance dne to one quarter 
turn of the nuts H, tbe outer end of the piston-rod K, whi<^ is allowed a mnge of | in. variation 
in the length of its stroke, strikes against tbe tappet J, as shown in Fig. UOS, aod depreoes it 
sufficiently to make tbe cnlchee I release tbe projeetioDS on the nuts H ; tbe forward presBnre of 
tbe working cylinder and cioea-head against tbe nuts then causes them to slip past the catches 
and advance one quarter turn, thereby moving forwards f in. upon the screwed bars F, when tbe 
next projections on tbe circumference of the nuts are cangLt by the catches I. This process i» 
repeated for every } in. bored bj the tool, until the nuts reach the front end of the screwed 
boTsF. 

By this amtngement the boring-tool is allowed to advance at whatever rate it may be cutting 
in the rock. When the rook is oompaiatively easy to bore and tbe tool is culling rapidly, the 
projections on tbe nuts slip post tbe catches fitim one to another rapidly, and consequently allow 
each successive )-in. advance to occur more quickly ; whilst when the look is harder and tbe tool 
is cutting slowly, there is so much longer an intflrvB] between each release of the catches, and the 
advance of tbe nuts is less frequent, thus admitting of a greater numlwr of strokes being loade by 
the boring-tool for each |-in. length of hole bored. 

For winding back the working cylinder A by hand, when reqairedfor the purpose of changing 
the boring-tool, the two worms H U, Fig. 1 1 12, turned by a hand-wheel, are geared into the nuts 
H, as sliown in Figs. 1102 to 1106. Tbe friction of tbe worms also acts as a break to prevent 
the nnts from turning too suddenly, as it causes them to move gently when the projections on tlie 
nuts are released by the catches 1 at each J-in. advance of the boring-tool. 

As the working cylinder A and cross-head E only jmoss loosely forwards a^ost the nnts H, 
neither tbe nuts nor the sorewed bars F receive the slightest portion of tbe oanoussion bom tbe 
blows of the tool ; but the shock of each blow is conveyed direct to the air-cusbien behind 
the working cylinder A, in tbe back end of tbe exterior cylinder B. This effectuallj prevents 
crystallization of the portions that are exposed to the direct concussion of tbe blow, and prevents 
any loosening of the several i>arts of the machine ; it also relieves the oarriage-framo from the full 
shock of tbe blow, and steadies the boring cylinder. 

At the outer end of the two guide-bais F are two screwed caps V V with steel points. 
Figs. 1102, 1104, for the purpose of steadjriog the end of the machine against the rook. Tlie 
outer end of tbe boring-tool D is steadied in the front bearing G, across the end of the two guide- 
bars F. in order to compel tbe tool to bore straight when it meets with extra hard rock or qnarti 
veins inclined to tbe direction of the hole ; and by turning the handle W, the top bearing or step 
can be readily lifted out when the boring-tool requires taking out for (jianging. Dimng the 
working of the tool a jet of water is kept constantly playing into the hole : and this, aided by 
the reciprocation of tbe tool, effectually clears out all the loose material as taat as it is detached 
by the tool, without ever requiring the tool to be withdrawn, as in baud-labour, for the purpose of 
olearing out the hole. In one of these boring machiDes, worked in the Boundwood Tunnel <d' the 
Dublin Corporation Water-works, the water was obtained &oin the top of tbe tunnel shaft, being a 

Ills, 1113. 




BORING AND BLASTING. 



619 



IMHtion of that niwd bj' the pnmping engine ivhich dmioed the tmrnel, and the Jet was throim 
into the bore-hole under a pTeiwure of about 80 lbs. per aa, in. 

The mode of fixing the Wtng-tool D in the piston-rod K ia Bhown in Figs. 1113 tolIlS. The 
fixing of the tool ia a vcrj important point in the woihlng of the machine, in order to engnie a 
thoroDghlj secure fixing and at the same time the meauB of readily and quickly changing the 
tool. The tool D is dropped into a socket in the end of the piaton-rod K, and the peinllel eotter X 
being then passed through is fixed by the ecrawed gland ¥, which presses the tool hiune to the 
bottom of the socket, and secures the ootter endways by entering into the two notches in the front 
edge. The gland Y is prevented from turning beck by a ratchet and spring Z ; and for releasing 
the tool the spring is held bach by a stud while the gland is unscrewed. 

Several different fotms of boring-tooU have been tried with the machine, bnt the re«nlta of 
experience have led to the adoption of the two forma only that are shown in Figs. 1113 to 1119. 
The rose-tool, Figs. 1113, 1117, having two cbisel-edges at right angles to one another, is found 
the best form for commencing the hole and boring the flntt 9 or 10 in. length. The shape of this 
toot, in conjunction with the continuous rotary motion given to it between each stroke, prevents 



it frrsn being led away sideways when it meets 
with a Tein of qnarti harder than the leet of 
the roek and lying mnch inclined to the direc- 
tion of the hole. The second tool. Pigs. lllS, 
1118, Dsed for completing the hole, is a chisel 
formed with the cutting-edge in three beTels a 
little inclined to one another in both directions. 
The ohisel shown in Fi^. 1111, 1119, was found 
the best for boring straight, bnt it could not be 
made to stand well, and was consequently aban- 
doned. A hollow tool has also been tried, into 
which was inserted a water-jet; and the exhaust 
air from the cylinder was also turned into it, , 
which blew the water out from the point of the 
tool into the bole with considerable force. This 
waa found a moat excellent plan for keeping the 
hole dean : bnt in oonseouence of its comidica- 
tiou and the liability of the jet-orifice to become 
choked up with deposit from the water em- 
ployed, it was abandoned, and the separate 
water-jet already described was substituted. 

The frame and cnrriago for this baring ma- 
chine are ahown in Figs. 1120, 1121. Thetra- 
versing carriage A is made rerv low, in order 
to allow of readily removing the ddbrii from ' 
blasting; and upon it is mounted the upright pillar B.capableofswivellinground upon tkecarriage 
and having means for clamping it socurelj between the top and the bottom of the tunnel. The 
working oyliuder C with the txuing-tool D ia carried by the transrerw frame or rest E upon the 
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extremity of the horizontal jib F projecting from the centre pillar B. The arm G carrying the boring 
cylinder C can be traTersea into any position in the frame E by means of a screw-motion worked 
by the hand-wheel H ; while the frame E can itself be turned round upon the axis of the horizontal 
lib F by the hand-wheel I working the worm-wheel J, and the jib F can be lengthened or shortened 
oy the hand-wheel K. By this means the boring cylinder G can be adjust^ to any part of the 
face of the tunnel ; and the spherical trunnion by which the boring cylinder is carried in the arm 
6 allows of its being placed to bore in any position and direction. These seyeral adjusting move- 
ments enable the tool to bore the holes in the exact line the miners may wish to place the shot, 
as the boring cylinder can work either upwards, downwards, sideways, or at any inclination ; and 
all the movements are at all times central and within easy reach of the attondant, whatever may 
be the direction or position of working. • • 

The transverse frame or rest E is provided at each end with a pair of projecting steel points 
L L, which can be lengthened or shortened so as to clamp the rest securely against the rock, 
thereby relieving the horizontal jib F and the pillar B from the shocks produced by the blows of 
the boring-tool. The steel points L L are attached to pistons inside the columns of the rest E; 
and, by admitting the compressed air between the pistons, the points are caused to strike out 
against the sides of the tunnel, and are then secured by self-locking catohes. It is generally found 
sufficient, however, simply to wedge the hind wheels m the carriage in order to render the whole 
perfectly steady, without any necessity for clamping the carriage and rest against the rock. 

The compressed air for working the boring machine is supplied hy an Air-compressing Engine 
at the top of the shaft, driven by a small portable steam-engme. The air-compressing eng^e is 
shown in Figs. 1122 to 1126, and consists of two horizontal compressing cylinders A A, Fig. 1122, 
fitted with air-tight pistons packed with brass rings or cuppeid leathers. Fig. 1124. (Si each 
end of the cylinder A are upright chambers G G, and on the top of each chamber are a pair of 
inlet and delivery air-valves, so that there are two inlet-valves D D and two delivery-valves E E 
to each compressing cylinder ; these valves are circular, and fit air-tight upon conical faces, as 
seen in Figs. 1124, 1125. The four inlet-valves D D are each suspended from a lever F, and in 
the original construction there was simply a weight on the outer end of the lever to cause the 
valve to shut when the piston B had dntwn in sufficient air to fill the chamber G ; it was found, 
however, that the valves did not work very steadily with the levers and weights, and they also shut 
before the piston reached the end of the stroke, so that part of the stroke was wasted in uselessly 
expanding the air in the chamber G. A cam G, Fig. 1125, worked from the crank-shaft H, was 
therefore added to each of the valve-levers F ; and the cam opens the inlet-valve at the commence- 
ment of each forward or suction stroke of the piston, and keeps it open till the commencement of 
the return or compressing stroke, when the valve is shut suddenly by the weight : and this 
arrangement has proved quite satisfactory. The delivery-valves E £ are shut by the back-pressure, 
as soon as the compressed air is all forced out of the chambers G ; they deliver the air into the 
air-vessels J, which are for the purpose of equalizing the pressure of the air under the varying 
pressure of the stroke. A pipe K from each of the two air-vessels conveys the compressed air to a 
large wrought-iron receiver, from which it is supplied for working the boring machine. 

The two air-compressing cylinders A A, Figs. 1122, 1124, are each 14 in. diameter with 18 in. 
length of stroke, ana are placed at each end of a cast-iron bed-plate ; the pistons are worked by 
connecting-rods from the double cranks H at right angles to each other, which receive motion 
from the countershaft L driven by the steam-engine. By employing two cylinders of half area 
each for compressing the air, worked by cranks at right angles to each other, instead of a single 
larger cylinder, an advantege is gained in delivering the compressed air to the receiver more 
imiformly, and also the strain on the working parts is more evenly divided. The cylinders A are 
filled with water, which rises at each stroke to the top of the upright chambers G G, and the 
surplus water is forced through the delivery-valves E, the object being to fill up every space with 
water at the end of the stroke, and so ensure every particle of air being forced through the 
delivery-valves. To allow for leakage and waste of water, a supply is kept constantly flowing 
into the inlet-valves D from the small pipe M, regulated by a tap ; and the water forced through 
the delivery-valves at each stroke keeps the air-vessels J tf constantly filled with water up to the 
mouth of tne pipe K, so that the compressed air is kept quite cool. The surplus water passing 
into the pipe K slowly accumulates in the large air-receiver, out of ^hich it is discnarged 
occasionally. 
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The orankHshaft H U driven at 22 reyolutions a minnie, and at each stroke the piston draws 
in the air throngh the inlet-valve at one end of the cylinder, and compresses the air to six atmo- 
spheres, or 90 Ids. the sq. in., at the other end of the cylinder, dischurging the compressed air 
through the delivery-valve to the receiver. The minimnm pressure maintained in the air-receiver 
is 75 lbs. the sq. in., and the maximum 125 lbs., the average beinff about 85 lbs. the sq. in. 
From the receiver the compressed air is conveyed, by cast-iron pipes with india-rubber joints, up to 
within 50 ft. of the boring machine. It is then conveyed to the machine through an india-rubber 
pipe made with six-ply canvas, and about 100 ft. long, which allows the boring machine to be 
advanced or drawn back without undoing a single joint. 

This boring machine, of which a longitudinal and transverse section are shown in Figs. 1120, 
1121, was employed in the construction of the Roundwood Tunnel for the Dublin Corporation 
Water-works, where it bored the holes for blasting at one of the working faces. The tunnel 
is rectangular, 5 ft. wide and 6 ft. high, and is carried through Cambrian rock of a remarkably 
hard and difficult character, interspersed with quartz veins. Six shot holes of 20 in. depth were 
usually fired at each blast, and these six holes of 1} in. diameter were aU bored by the machine 
in about 3| hours ; two chiBels were used for each hole, which required fresh grinding before being 
again used. With hand-work, however, each of the same holes takes 2^ to 3 hours for driUing, 
and requires usually about fifteen fresh tools before it can be completed. The practical value of 
this remarkable saving of time that is effected by the use of the machine is specially experienced 
in such work as tunnelling or other rock-blasting, where saving of time is of such great import- 
ance both in expediting and economizing the work. The average rate at which the very hard 
rock was bored by the machine at the Boundwood Tunnel was about 1 in. a minute : and it has 
been found as the result of experience with the machine that it bores quicker and keeps the 
edge on the tool better by striking with less force of blow but with greater rapidity. The 
number of blows has beeii increased from 250 to 500 or 600 blows a minute, and the result is 
that one hole is now bored with two tools without re-sharpening, instead of using five or six tools, 
as formerly ; and with one tool a hole of 26 in. depth was bored in the Dalkey granite without 
re-sharpening. 

The following are the results of working in the Dalkey granite : — 

1st hole, 24} inches deep, in 11 minutes 10 seconds. 
2^ „ 19J „ „ 14 „ .. „ 

8rd „ 9 „ „ 5 „ 55 „ 

4th „ 4J „ „ 2 „ 10 „ 

6th „ 9 „ „ 7 „ 85 „ 

6th „ 9 „ „ 5 „ 25 „ 

The following are the results of working in the remarkably hard rock of the tunnel at Round- 
wood, Wicklow : — 



{8} inches depth, i 
6 » w 8 

^ n n 3 



in 3) minutes. 



n 



Total .. 2SJ„ „ 14J„ 

2nd hole .. ( ^? »» " 2 " 

\ ^ n n * n 

„ 12 „ 

»» 5 » 

Total .. 15 „ M 15 „ 




4th hole I ^^ inches depth, in 6 minutes. 
* \ ^ » »i ^ »i 

Total .. 19 „ „ 9 „ 

6th hole .. Po* »' " f. »' 

Total .. 184,, „ 8*„ 

6th hole •• 14 », n 10 n 



The average at which the machine continued to bore was, for the first portion of the hole, 10 
and 11 in. depth in 4} to 8 minutes ; and for the second portion, 9 and 9} in. depth in 8 to 3} 
minutes. 

The following special points of advantage have been experienced in this boring machine ; and 
these may be considered as essential conditions to be fulfilled in a good machine for the purpose 
of boring in hard descriptions of rock, and for standing satisfactorily the special wear and tear to 
which such machines are necessarily subjected. 

The boring part of the machine with the tool is made very short, so as to allow it to work in 
any direction and position iQ the tunnel, in order that the blast of the hole bored may displaoe 
the largest amount of rock. The carriage-frame carrying the working cylinder is also very 
compact, occupying little space, and allowing the cylinder to be quickly adjusted into any desired 
position. 

The reciprocating parts are very few in number, and are in the direct line of the blow ; these 
are only the piston and rod in one piece of steel, and the tool secured in the piston-rod so as to 
allow no play. Moreover, in order to prevent crystallization of the parts exposed to the direct 
concussion, a cushion of air is provided at the back of the working cylinder, which also relieves 
the carriage-frame from the shocks of the blows. Also, the tool being made to reciprocate with the 
piston, the hole is more easily kept free from the debris than when the tool is stationary and 
receiv»i blows from a detached piston, as in other descriptions of boring machines ; and the strong 
water-jet playing into the hole is found to keep it quite clear during the process of boring. 

The advance of the tool is self-acting, and exactly at the same' rate that the tool is cutting, 
however variable may be the nature of the rock ; and whether the tool is cutting at the rate of 
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3 in. a. miimta in ons part of the hole, or only 1 In. a minnte in ajiother pert, the adnmee gtvoi to 
the tool 18 exactly ftt the same t»te tb»t the boring piogcaaee in each case ; bo that thers ii do 
risk of the piston at any time WOTkiug beyond its proper range of stroke, uid striking the 
oyliuder-coier. The adranoe motion for the tool is obtained from the pressure that drives the 
piston, withoat the use of propelling gear, the absence of which greatly increases the dorability 
of the machine. The turning motion for the tool also, being oonnected to the stationary outer 
cylinder, is freed from the somroe of derangement that wonld arise fhnn the rapidity of the 
bWs of the tool If the turning motion ware oonnected to the reciprocating part. The motion 
for working the valve is gradlul and easy in its action, so that a very rapid action is obtained 
without any destructive ^ooks. The outer end of the tool is guided m a bearing, to prevsnt it 
from working to one side, and getting jammed when meeting with an oblique vein of harder 
material. 

The machine la arranged Bo that it CAV be brought to work again immediately after a set of 
holes have been blasted Biid before the dfbrii is removed, which md be done whilst the moohine is 
at work, the material being carried or thrown through the clear space led by the carriage-frame ; 
and a jet of air being left open near the face at the time of ei plosion soon dilutes and clears off the 
gases resulting from the eiploaioo of the powder.- This saves much of the loss of time which oocurs 
with other machines In removing the dtfbrit before the maohino can be sat to work again. The 
oompressed air, on being discbarged trora the boring cylinder, alto serves effectively to ventilate 
the wordings, and nipplies fresh air to the miners. 

Btrgitram'a Boring Machitie.—Tha boring mftchiae, Pige. 1127 to 11S2, which IS now being 
used at the Perseberg mines, near the town of Fhilipstad, in Sweden, is t, modifie*tion of that 
oonstmoted by Bcbumann, of Freiberg. 

The machine consists of a cast-iron cylinder A, Fig. 1 127, 4} in. in diameter, in which the 

Ciston B, and at the some time the berer vxei in the eodiet 0, is moved by oompraased air. The 
ingth of the strobe is 7 iu. The compressed air enters by a pipe at D, aiid then passes through 
one of the ports E into the oylinder, and moves the pistoD Mckwards and fbrwaids. F and V are 
two single-acting cylinders, in whidi the pistons O L, and their common piston-rod, ai« moved by 
air. E is tho dide-valve, which is pushed baokwards and forwards by bosses on the piston-rod, 
in order to make the air act sometimes on one side of the piston and sometimes on the other. By 
means of the nuts at L, the poattion cd the slide-valve on the valve-face is determined, and am- 
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■eqaentlj at the ame time the entiy of the air. H ii b ^Ide for the Blide-*&lve. On tiie 
TUTD-iod the ciom-head N U keyed, which, by meana of two oonneoting-rodfl D, aeta in taatkn 
the fly-wheel P, its axle, trad the worm Q, vhioh ha« been formed on it The icrew t^ee into 
the worm-wheel B, which thos caiues the spindle B to rotate. The apindle S hu on each 
Bide a enwve, in which fotherB, dovetailed into the hollow plrton-rod C, i»n readily move, and 
thus when the spindle turns it caoaes the rotation of the piston and oonsequently also of the 

The machine hangs bom, or may be snpported by, a bar T haTins a thread cnt on it. In 
order to prevent the machine team torninff on the bar T, the thread is cnt away, as shown cm 
the croea-sectinn and pbtn. By means ot the screws U and U, the rod is firmly foroed against 
the TDolc. The advance of the nwchhie is effected by band, by working a wincb-haodle X, which 
actuates a mitre-wheel Y, which gears into another mitre-wheel on the nnt W. This not W is 
held between two Ings cast on the cylinder, and theretbre as the nnt is caused to rotate ths 
machine advances or retires. The machine gives 200 to 300 and even 350 blows a minnte, and 
the borer make* one entire torn for 22 blows. 

Anil. — In order to furnish a point of support for the eorews U, a wooden strut, Fig. 1130, pro- 
vided with an iron at its npper end, and i^ its bwei with on adjustable screw and tripod, is 
flrml; fixed aoroas the level. 




It will now be readily nnderstood that the machine can be fixed in onv position, and con- 
•eqnentW holes con he bored in all directicsis. It takes two men to pnt np the madiine, and aaa 
to attend to it. The other man can be boring by hand in the meantime. 

^ir-ooinpresior. — At the Perseberg mines the machine is worked by compressed air. The air- 
compressor, Figs. 1131, 1132, was designed by Professor Angstrom. It oonmsts of two vertical 
iron barrels, 15} in. in diameter and abont 8 fL high, communicating with one another at the 
bottom by a chamber. 

The npper end of each barrel is provided with a volve-boi having two vbItc^ one opening 
inwards, for the admission of air, and the other outwards into the delivery-box, for the eduction^ 
air. In one barrel a piston is made to work up and down, and in order to deliver eyerj partiolo 
of air at each stroke, and to keep the barrels cool, a quantity of water is placed inside the pump, 
which at each stroke entirely fills up the valve-bol, and thus expels the whole of the air frran the 
pump. The other barrel has no piston working in it, but is also filled with water, which is onsed 
to rise and fell as the piston goes down and up. This water also forces out all the air from tho 
barrel and yolve-boi at each stroke. The piston-rod is connected to the main rod of the pomping 
engine, and is provided with a cross-head, from which a weight is suspended by rods. The stroke 
is 7 ft. Four strokes a minute famish enough air for one boring machine. The air must be oom- 

Bessed tolSlbs. or 20 Ibs.B sq. in., which corresponds b) an eiceaspressureof lor U atmosphere, 
such a preaanre cannot be had, no good resulta are obtained. 

Thla abr-oompressor is specially oonatmcted for places where the power is derived frr^r the 
roaio rod of the pumps. It is considered that 5 or 6 horse-power would be requited to drive an 
air-oompressor. In the Perseberg adit the Bii-oompr«ssor is from 60 to 70 fothoms from the end; 
there is no regulator. 

i*ip«.— The oir is conducted from the compressor along the level by cast-iron flange-pipes, t iiL 
in diameter and 9 ft. Iraig, with a small spigot and socket, the joints Wng made with tar, mixed 
with finely-powdered brick and lime. 

These pipes conduct the air very nearly to the end, and the air is finally biooght into the 
machine by some 30 ft. ot india-rubber pipe, 3 in. in diameter and A in. thick. 

F. B. Doering'a rock-boring moohine, Figs. II33 to 1138, has an eflective meuu of regnloting 
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th« forwaid movement of the main cylfoder ii_ . . 

work pTOgreeses. A piston-Talve a r^^tes the bi , , 

from a pair of oylmdera 6 6, attaohed to the main oyliniier e, the vaWe a being worked by a pirfon 
in a oylinder by motive fluid distributed &om the main cylinder to the Hinail cylinder d, the piaton 
of wluch ii9 oonnectad to the valve. Instead of attaching the adjacent cyluiden to the boring 




aid a nipply of oompreued air may be maintained at the front. So much of each of the cylinden. 
as ia behind the piston or piitona a filled with water. A tabe connected at / lettda 6om the 
piiton-valve o to a reeervotr containing thii water or fluid. 

The Mtkm of ttke ei^^Jne ii at followi:— Bnppodng the main eyiinder c and a^Jocoit cylln- 
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den 6 6 are at the back end of their trayel ; wheneyer the tool, as it oontinaes to work, has cut to a 
sufSoient depth to allow the main piston to uncover a port in the main cylinder oommnnicating 
with the cylinder of tiie piston-yaWe a, this yalye moyes and allows part of the water in the adja- 
cent cylinaers 6 6 to escape under the pressure of the compressed air on the other side of the fixed 
pistons e «, or under the pressure due to the weiarht of the machine if the same is worldng down- 
wards, llie adjacent cylinders and main cylinders are thus caused to advance, and this advance 
takes place intennittently, according to the quantity of water which escapes from the valve, until 
they reach the forward end of their travel A cock at the front part of the adjacent cylinders is 
then opened to let out thd compressed air, and pressure is exerted on the water in the reservoir to 
force tne water through the valve into the adjacent cylinders, the small cylinder d exhausting into 
the main cylinder to allow the valve a to be moved by the pressure of the water, the piston of the 
main cylinder being put into the required position. The pressure of the water in the adjacent 
cylinders causes them and the main cylinder c to run back on their supporting-bars to recommence 
their forward travel ; the valve a is then dosed, the cock at the front end of the adjacent cylinders 
reversed, and the pressure in the water reservoir removed. 

When the engine is working vertically or nearly so, the employment of compressed air in the 
adjacent cylinders may be disposed with, as the weight of the engine will be sufficient to effect 
the feed as the tool cuts. Again, instead of compressed air in the adiacent cylinders, a vacuum 
may be created in the water reservoir connected with the valve. This application of water to 
regulate tiie advance of a boring engine may be applied directly to the advance of the boring-tool, 
as shown in Fig. 1197, the cylinder a being stationary, and the piston-rod 6 forming a cylinder in 
which a piston c attached to the boring-tool moves. Water is placed in the front portion of the 
piston-rod at f, and a pressure' of the motive fluid acting on tne back of the piston behig- oob> 
stantly supplied through A to keep it pressed against the water so as to advance when the water 
or a portion of it is discharged through k. In this case, the valve for the discharge is formed by 
the piston. This discharge esn only take place when the tool has |>enetrated to such a depth as 
to allow the port k to communicate with m. A circular groove is cut in the piston at A to regulate 
or adjust the engine for working in materials of different hardness or softness. 

Theports ggg. Fig. 1139^ in the main cylinder are formed at various distances from the cylinder 
end, and co^nmunicate with the passage leading to the advance cylinder d through a cock conunon 
to all these ports. According to whether the material operated upon necessitates a short or long 
stroke, the cock is turned to open the way between the advance cylinder and one or other of the 
ports, to produce the advance of the engine when the main piston has passed this port in its stroke, 
instead of employing a cock conmion to all these ports, the inventor nas provided plugs by which 
he can close ail the ports except the one required for work. It is also sometimes desuable to alter 
the position of the ports in we main cylinder for working the valve ; this may be effected by a 
cock h arranged simihurly to that before described, or the communication between the cylinder and 
its valve-piBton may be throttled or wiredrawn. 

For the purpose of securing the tool in the end of the piston-rod, Doering threads the end of 
the piston-rwl to receive a nut a, I^g. 1135, and makes the position of the ordinary key h adjustable. 
The nut a is screwed up and the key driven in, thus enabling him to dispense with the washers 
usually employed. In some cases grooves c, Fig. 1186, are rormed in the nut to keep it from 
turning. A nut is also employed on the inner end of the tool-head. Fig. 1138, and the main 

fiston-rod formed hoUow so as to pass the tool down it and secure it by a nut and key, as in 
ig. 1135. 

Mather and Plates Boring Machine, — The construction of the boring-head and shell-pump, and 
the mode of acquiring the perousrive motion, constitute the chief novelties of the system and 
machine, shown in Figs. 1139 to 1142. The couple-cylinder engine, with the reversing or link 
motion, is used for winding and lowering the apparatus ; but an ordinary winding engine, similar 
to titiose used in coUieries, may be applied. 

The boring-head consists of a wrought-iron bar, about 8 ft. long, on the lower part of which is 
fitted a block of cast iron, in which the chisels or cutters are firmly secured. Above the chisels an 
iron casting Ib fixed to the bar, by which the boring-head is kept steady and perpendicular in the 
hole. A mechanical arrangement is provided, by which the boring-head \b compeUed to move 
round a part of a revolution at each stroke. The loop or link by which the boring apparatus is 
attached to the fiat wire rope is secured to a loose casting on the wrought-iron bar, with liberty to 
move up and down about 6 in. A part of this .casting is of square section, but twisted about one- 
fourth of the circumference. This twisted part moves through a socket of corresponding form on 
the upper part of a box, in which is placed a series of ratohets and catches, by which the rotary 
motion is produced. Two objects are here accomplished— one the rotary motion given to the 
boring-heed, the other a facility for the rope to descend after the boring-head has struck, and so 
prevent any slack taking place, which woula cause the rope to. dangle against the side of the hole, 
and become seriously injured by chafing. 

The shell-pump. Fig. 1141, is a cylinder of cast iron, to the top of which is attached a wrought- 
iron guide. The cylinder is fitted with a bucket similar to that of a common lifting pump, with 
an india-rubber valve. At the bottom of the cylinder is a clack, which also acts on the same 
principle as that in a common lifting pump, but it is slightly modified to suit the particular 
purpose to which it is here applied. The bottom clack is not fastened to the cylinder, but 
works in a frame attached to a rod which passes through the bucket, and through a wrought- 
iron gniide at the top of the cylinder, and is kept in its place by a cotter, which passes through 
a proper slot at the top of the rod. The pump-rod, or that by which the bucxet is worked, 
is made of a forked form, for the twofold purpose of allowing the rod to which the bottom clack 
is attached to pass through the bucket, and also to serve as the link or loop by which the whole is 
suspended. 

The wrought-iron gmde is secured to the top of the cylinder, and prevento the bucket from 
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being drawn out when the whole is 
80 snspeqjded. The bottom clack 
also Ib so arranged that it Ib at 
liberty to rise about 6 in. from its 
seating, so as to allow large frag- 
ments of rock, or other material, to 
have free access to Jhe interior of 
the cylinder when a partial vacuum 
is formed there by the up-stroke of 
thepump. 

The percussive motion is pro- 
duced by means of a steam-cylinder, 
which is fitted with a piston of 15 in. 
diameter, having a rod of cast iron 
7 in. square, branching off to a fork, 
in which is a pulley of about 8 ft. 
in diameter, of sufficient breadth for 
the rope to pass over, and with 
flanges to keep it in its place. As 
the boring -head and piston will 
both fall by their own weight when 
the steam is shut off and the ex- 
haust-valve opened, the steam is 
admitted only at the bottom of the 
cylinder ; the exhaust-port is a few 
inches higher than the steam-port, 
BO that there is always an elastic 
cushion of steam of that thickness 
for the pisfcon to fall upon. 

The valves are opened and shut 
by a self-acting motion derived from 
tne action of we piston itself; and 
as it is of course necessary that 
motion should be given to it before 
such a result can ensue, a small jet 
of steam is allowed to be con- 
stantly blowing into the bottom of 
the cylinder ; Uiis causes the piston 
to move slowly at first, so as to take 
up the rope, and allow it to receive 
the weight of the boring-rod by 
degrees,' and without a jerk. An 
arm which is attached to the piston- 
rod then comes in contact with a 
clam, which opens the steam-valve, 
and the piston moves quickly to 
the top of the stroke. Another 
dam, worked by the same arm, then 
shuts off the steam, and the ex- 
haust-valve is opened by a corre- 
sponding arrangement on the other 
Bide of the piston-rod. Bv moving 
the clams, the length of the stroke 
can be varied at the will of the 
operator, according to the material 
to be bored through. The fall of 
the boring-heeui and piston can also 
be regulated by a weighted valve on 
the exhaust-pipe, so as to descend 
Blowly or quickly, as may be re- 
quired. 

The general arrangement of the 
new machine may oe described 
as follows: — The winding-drum is 
10 ft. in diameter, and is capable 
of holding 8000 ft. of flat wire rope, 
4| in. broad and | in. thick; from 
the drum the rope passes under a 
guide-pulley, through a ckmiy and 
over the pulley whidi is supported 
on the fork end of the piston-rod, 
and so to the end which receives the 
boring-head, which being hooked 
on and lowered to the bottom, the 
rope is gripped by the dam. A 
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small jet of steam is then tnrned on, causing the piston to rise slowly until the arm moves the olam, 
and gives the full charge of steam ; an accelerated motion is then given to the piston, raising the 
boring-head the required height, when the steam is shut off, and the exhaust-valve opened in the 
way described, thus effecting one stroke of the boring-head as regulated by a back-pressure valve 
in the exhaust-pipe. The exhaust-port is 6 in. from the bottom of the cylinder ; when the piston 
descends to this point it rests on a cushion of steam, which prevents any concussion. To increase 
the lift of the boring-head, or compensate for the elasticity of the rope, which is found to be 1 in. 
in 100 ft., it is simply necessary to raise the clams on the clam-shaft whilst the percussive motion 
is in operation. Tne clam which grips the rope is fixed to a slide and screw, by which means the 
rope can be given out as required. When this operation is completed, and the strata cut up by a 
succession of strokes thus effected, the steam is shut off from the percussive cylinder, the rope 
undamped, the winding engine put in motion, and the boring-head brought up and slung from an 
overhead suspension-bar by a hook fitted with a roller to traverse the bar. The shell-pump. 
Fig. 1141, is then lowered, and the d^bria pumped into it, by lowering and raising the bucket about 
three times, which the reversing motion of the winding engine readily admits of; it is then 
brought to surface and emptied by the following very simple arrangement. At a point in the 
suspension-bar a hook is fixed perpendicularly over a small table in the waste tank, which table 
is raised and lowered by a screw. The pump being suspended from the hook hangs directly over 
the table, which is then raised by the screw till it receives the weight of the pump. A cotter, 
which keeps the clack in its place, is then knocked out, and the table screwed down. The bottom 
clack and the frame descending with it, the contents of the pump are washed out by the rush of 
water contained in the pump-cylinder. The table is again raised by the screw, and the clack 
resumes its proper position ; the cotter is then driven into the slot, and the pump is i^in ready to 
be lowered into the hole as before. It is generally necessary for the pump to descend three times, 
in order to remove all the debris broken up by the boring-head at one operation. 

The following facts obtained from the use of the machine in boring in the new red sandstone at 
Manchester, will show its actual performance, and enable us to compare it with the other systems. 
The boring-head is lowered at the rate of 500 ft. a minute ; the percussive motion is performed at 
the rate of 24 blows a minute, and being continued for ten minutes, the cutters in that time 
penetrate from 5 to 6 in.; it is then wound up at 300 ft. a minute. The shell-pump is then 
lowered at the rate of 500 ft. a minute, the pumping continued for one minute and a half, and 
being charged, the pump is wound up at 300 ft. a minute. It is then emptied and the operation 
repeated, which can be accomplished three times in ten minutes, at a depth of 200 ft. The whole 
of one operation, resulting in the deepening of the hole 5 to 6 in., and cleansing it of debris ready 
for the cutters or boring-head being again introduced, is seen to occupy an interval of 20 minutes 
only. 

Blasting. — Gunpowder is the most valuable agent for excavation; it is, however, of more 
service in the work of extraction than in that of preparation, because in removing the minerals 
those regular forms of the walls are not required which distinguish the shaft and the drift from 
the gallery. Blasting-powder is employed in different quantities and in various forms, according 
to circumstances. In slaty open rook, in rotten brittle shale, and in loose gravel, it is of no use; 
but in hard rock, in sandstone, limestone, and similar substances, blasting is extremely serviceable, 
and often reduces the prices of working hard rock to that of soft material. Gunpowder is of most 
service where the vein has a seam of soft mineral, or a succession of cavities on one side, so that 
a blast applied at the opposite termination of the vein may remove the whole thickness of it. If 
the soft matter or the cavities are in the middle of the vein, it requires always two blasts, and of 
course the drilling of two holes, as well as two charges of gunpowder, to remove the vein. The 
amount of gunpowder used is often calculated to be proportionate to the amount of rock removed, 
but this is not so in practice ; where the amount of matter removed is limited, the consumption of 
powder increases more rapidly than the quantity of rock removed. In mines which have a large 
quantity of shattered rocks, the application of powder is limited by the consideration that injury 
may be caused to other parts of the mine. The removal of thick veins, or masses, of heavy rock, 
also veins of pyrit^ is often conducted with considerable difficulty, because heavy blasts cannot 
conveniently oe applied. In all such cases it is, however, the cheapest way of working masses ; 
and if holes for blasting cannot well be drilled, they can be formed by acids. Pyrites may be 
penetrated by nitric or muriatic acid ; also native metals, such as copper, limestone, and magnetic 
iron ore, may be dissolved by any acid— the muriatic is, however, tne most generally used. In 
this case we cannot sink any other form of hole than a vertical one. The manipulation is easily 
performed by setting a glass tube verticallv upon the rock, and providing its top with a funnel 
and apnaratus, so as to let in the acid dit)p by cb*op. If the pipe is close fitting to the rock, and 
the acia poured in very slowly, the hole will not be much larger than the glass-pipe. The tube 
must descend with the bottom of the hole, and be always close to it. This operation works very 
slowly ; but in pyrites, or compact magnetic iron ore which cannot be penetrated by steel tools, it 
is a useful method of preparing a hole for blasting. When heavy masses are to be detached by 
one chaise, the hole may be imide wider in the bottom by letting down the acid more rapidly, 
which will spread over a larger surface and dissolve a greater width. See Gunpowder. 

We will now give one example of firing charges of gunpowder by means of a fuze, and another 
by a voltaic battery. 

Demolition of a Fort at Furruckabad, in January, 1858 : by P. H. Scratchley, R.E.—The fort ordered 
to be destroyed was a front built of good sound brick masonry, consisting of two solid towers, the 
left one being 54 ft. in height and the other 36 ft. high, and both being 54 ft. in diameter, con- 
nected by a revetted curtain 130 ft. long and 34 ft. in height : two portions of revetment, 30 ft. in 
length, running at right angles to the curtain, from the towers on each side, and of nearly the 
same height as the curtain ; and also a wall 160 ft. long, 11 ft. high, and 2 ft. thick, forming part 
of an enclosed court-yard. L is put = the length of the lino of least resistance in feet. 

2 M 
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The project for the denwUtion of tlio ftont was as followB : — Two diargee, with lines of leaat 
re«ietnnce 18 ft. lon^ to be pliu!<!d in e«cli ot the towers, 3 ft. iu advance of their centres, and at 
one-lined intervals, Figs. 1143 to lliS. Twochargee, with L =: 12 ft., to be placed in each lower 



necting-cuitaiu 

required 6 more, as aliown in' Fig. 'H43. 

In the toweiB, galleries with returns were to be driven at nearly eqnal levels, which the 
nature^f the ground favoured. The luinoB in the revetment were to be formed by sinking 5 shafts, 
each 15 ft. deep, with galleries running out right and Icfl from them to the requisite diatancis. 

The charges were calculated according to the fonnula for strong maeonry revetments without 
oounlcrforts, placed at two-lined inlervala, or A L". Aa native powder was to be used, there whs 
allowed ^ of A L', or -^ L', in addition to the proper choj^s of English powder, making the 
formula ^\ h^+ ^ h' = ^ L>. 

Scratchley was also directed to prepare the towers at the entrance ^teway for demolition, and 
he carried out the following plan. These towers were 28 ft. in diameter, and from 22 n. to 29 ft. 
high on the outside : they were bnilt of softer masonry than the others, and were solid only to a 
height of 15 ft. from the bottom. A shaft was to !je sunk in the centre of each tower, at the level' 
of the ground inside (IS ft. from the bottom), 12 ft. deep: and small galleries were to bo driven 
right and left. 5 and <i ft. long respectively. The charges were calculated, as above, by tho 
formula ^ L', and were to be placed so that their lines of least resiatajioe were respectively 8 and 
9 ft. long. 

The following journal gives the particulars of the wort executed. 

A detail of otiicera and men of the Engineer Brigade left the camp at Futtehghtu at 3 p.m., 
Sth January, 18S8 :— 



Corpg. Offlun 


(jJJJJ^ Sergeanla. | ODiporilt rrtrtln. Bugler. 


ToUL 


B.^ 


Eoyal Engineers 3 
Bengal Engineers 2 


..,25 

2 ] 4 , .. 


52 1 
83 .. 


63 
2 


Lieut, Scratchier, R.E. 
„ Wynne, R.^. 
„ Keith, 1{.E, 
„ Lang, B.E. 
„ Forbes, B.E. 


Total „ ..1 8 


2 1 6 1 S 


85 1 lOi 





This detail was divided ii 



2nd relief— 19 

12 

3rd relief— 18 



Eoropean. 

Native. 

European. 
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The 1st relief oommenoed work at 8 p.m. on the evening of January 5th. 

January 5th, 1st Relief, 8 till 12 P.M., Wynne.— 4 galleries, marked B, C, G, H, Fig. 1143, were 
rommenced in the towers^ at the respective levels of 26 ft. 6 in., 27 ft. 6 in., 29 ft. 6 in., and 
29 ft. 6 in., below the terreplein of the fort, and driven towards the centre of each tower. 4 shafts, 
A, D, £, F, were also commenced at a distance of 10 ft. from the curtain wall. 

January 6M, 2nd Jielief, 12 till 4 A.M., Keith.— Shafts A, D, £, F, were completed to the depth 
of 15 ft. each, and were made 4 ft. by 3 ft. Galleries running parallel to the wall were commenced 
right and left of each shaft. Soil very easy, being made earth. Galleries B, C, G, progressed 
slowly through very tough pucka masonry. That at H was softer. 

3rd Belief, 4 till 8 A.M., Lang. — The 8 galleries of A, D, E, F, progressed rapidly through 
made earth. The galleries B, C, G, advanced through tough masonry, and H through soft 
masonry. The tools were in bad order and were not adapted to mining. 

Ist Belief, 8 till 12 A.M., Forbes. — The 8 galleries progressed rapidly. The gallery H was cut 
through pucka masonry, 7 ft., and reached rubble. Tne progress at B, C, G, was slower. 

2nd Belief, 12 till 4 pjc., Wynne. — The 8 galleries were nearly finishea : — 

Ft In. 

That at B had advanced 9 through pucka masonry. 
„ C „ 8 6 „ 

„ G „ 3 



n 



H „ 12 through made earth. 



Srd Belief, 4 to 8 P.M., Keith.— The galleries of A, D, E, F, were finished to the following 
lengths : — 

Ft In. 



Ac (Fig. 1143) .. 12 
A 6 „ .. 18 6 



»» 



Ft In. 

E (/ (Fig. 1143) .. 12 6 
Ec „ .. 12 6 



D6» „ .. 14 



»» 



Dc „ .. 12 6 



»i 



)* 



Fc „ .. 12 6 



»» 



F6» „ .. 20 



n 



Hardly any progress was made at G. 

Ist Belief, 8 till 12 P.M., Lang. — Another shaft I, Fig. 1143, was commenced at a distance of 
10 ft. from the wall. A party was also employed in lodging charges in the wall to be destroyed, 
described in aooompanying memorandum. 

January 7th, 2nd Belief, 12 P.M. till 4 A.M., Forbes.— 

B gallery was 24 ft. long. 

„ 24 „ 

H „ 17 ft. 10 in., and return commenced. 

G had not extended through pucka masonry. 

3ri Belief, 4 till 8 A.M., Wynne. — Shaft I was completed to a depth of 15 ft., and 2 galleries 
were commenced from it, running right and left parallel to the wall. 

Ist Belief, Keith. — Hie galleries of shaft I were oompleted to the required lengths, namely, 6^, 
14 ft., and c, 12 ft. ChsJUMrs were formed in all the shaft-galleries. 

B gallery was completed, with a return 5 ft. 8 ld. long. 
„ „ „ 7 ft. long. 

At G the work was continued by blasting. 

H gallery was completed, with a return 6 ft. long. 

2nd Belief, 12 till 4 P.M., Lang. — The chambers in all the galleries except G were completed. 
G was 8 ft. 5 in. long, pucka masonry 7 ft. thick having been cut through. More experiments 
were made on the wul of the court-yajxl. 

Srd Belief, 4 till 8 P.M., Forbes. — More charges were tried on the wall, and a party was em^ 
ployed destroying it by hand. 

Ist Belief, 8 till 12 P.M., Wynne. — Shafts A and B were sunk 12 ft. deep in the entrance towers. 

January Bth, 2nd Belief, 12 till 4 A.M., Keith. — Galleries were driven from shafts A and B, right 
and left, 7 ft. and 9 ft. long respectively. 

Srd Belief, 4 till 8 A.M., Lang. — A party of men was employed in demolishing the wall. 
Chambers were prepared and bamboos laid (as in all the other mines) for the entrance-tower 
mines. The whole of the mines were now ready for loading, but the powder had not yet arrived. 

9th January, — At 3 P.M. this afternoon the party of Engineers, after carefully closing all the 
openings of the shafts and galleries, was marched back to Futtehghur camp. 

Bemarks. — The whole of the work had thus been carried on without interruption, the soil being 
very easily worked, and being evidently all made earth. No sheeting had been required, ex- 
cepting in the left gallery at the right entrance tower, where the earth fell in. The whole of the 
mines were ready for charging in forty-eight hours, with the exception of that in gallery G, where the 
pucka masonry gave great trouble. The dimensions of all the galleries were 3 ft. 6 in. by 2 ft. 6 in. 

ISth January. — A detail of the EngLQeer Brigade left camp at 5.30 a.m. to load the mines at 
the Fort, namely, 2 officers, 2 sergeants, and 82 rank and file ; and 1 officer, and 24 native sappers. 
12 of the sappers were, however, afterwards withdrawn to be employed elsewhere. 

The charges were placed as follows : — 

In B gallery at a^ . . . . 1050 lbs. of Native powder. 
P ^ ( 800 „ English „ 

^ »» ^ •• •• \ 99 „ Native 

G „ a .... 874 „ English 

H • „ <i' .... 1050 „ Native 

2 M 2 
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Approximation, — For English powder and length of 16 ft. of least resistance, we have 16 cubed 
= 4096, and ^ of 4096 = 614 lbs. of gunpowder, which may be put = 620, the half of which is 
810 lbs. 

The charges were placed in boxes where practicable, the hose was laid in bamboos, and the 
whole was carefully tamped. 

The galleries took most time in loading and tamping, and were not ready till 7 tm^ whilst 
the shafts were finished by 4 p.m. 

The firing was put off till the next morning, when the hoses of all the shafts were brought to 
one focus R. There was one focus for each tower, the length of hose for each being 5 ft. leas than 
that for the upper focus, to allow, if possible, a few seconds elapsing between the two explosions. 
The hose was lighted at the three foci at the same time, at the sound of the bugle, and the explo- 
sions were very nearly simultaneous, with the exception of that of one mine, marked X, Fig. 1143, 
which did not take place till 30 seconds after the others. 

The demolition was complete, and the object desired was attained, which was to leave a pretty 
practicable ramp from the outside into tlie interior. 

There is no doubt that if more time had been allowed, or more men had been procurable, the 
demolition might have been effected by the expenditure of one-half of the quantity of powder 
used ; but it must be borne in mind that Scratchley's instructions were to have everything ready 
in forty-eight hours, and native powder was to be had in abimdance. 

The mines at the entrance gateway were not loaded, but remained ready to be charged at some 
future time. 

Statement of the Expenditure of Powder^ ffose^ ^e. 

2 charges of 1050 lbs. each, total 2100 lbs.. Native powder. 
1 „ {^} », », 1674 lbs., English „ 

1 „ 09 „ ,,09 lbs.. Native „ 
6 „ 180 „ „ 1080 lbs., - „ „ 

2 „ 810 „ „ 620 lbs., „ 

2 „ 258 „ „ 516 lbs., English „ 

Total, 2190 lbs. of English powder. 
„ 3899 lbs. of Native „ 
„ 848 feet of )-inch hose. 
„ 2 port-fires. 

Taking the line of least resistance = 18 ft., then 18 cubed = 5832, and if^^ of 5832 = 1050 lbs. 
of powder nearly. The other charges were calculated in a similar manner. 

Memorandum, — Partial Destruction of a Wall by means of Small Charges. — This wall waa 11 ft. 
high, 2 ft. thick, and about 160 ft. long. There were two piers, 6 ft. square, one on each side of an 
entrance at the centre of the wall ; these were built much better than the remainder of the wall, 
which had been constructed with bricks and a little mud, mortar being found only in the foun- 
dation. 

Ten charges, of 5 lbs. each, were placed along the wall, at intervals of 10 ft., and were lodged 
as nearly as possible 2 ft. below the surface of the ground, and under the centre line of the wall. 
One charge of 10 lbs. was placed in each pier, 2 ft. 6 in. below the level of the ground, and under 
its centre. 

The piers were completely thrown down, without violence: all the other charges, with the 
exception of three, failed ; some blowing out the tamping and making a small breach in the wall, 
others throwing out the foundation and earth on the other side, but failing to bring down the 
wall, or an^ pairt of it. Four more charges, of 5 lbs. each, were placed equidistant l^tween tbe 
former, whicn completely destroyed the part where they were lodged. 

The remainder of the wall was picked and thrown down by about twelve men in a very short 
time, and other portions of the walls around were thrown down in the same manner. 

The powder made use of was native, and undoubtedly of inferior strength to that of European 
manufa<sture. 

Blasting was not tried, as the nature of the wall did not admit of it. Had Scratchley known 
that it was so very rotten, he would have had the whole of it picked down. — * Papers of the Corps 
of Boyal Engineers^ vol. viii. 

Bickford's fuze is generally employed in blasting operations. See Fuze-kaking MACHnns. 

Blasting with Large Charges of Gunpowder at Holyhead, 1860: by Col, Hamilton, R,E, — ^The ouarriee, 
opened and worked for the harbour-works, were situated on the declivity of the Holyhetfui Moun- 
tain, at about 1500 yds. distance from and in rear of the land end of the breakwater ; the portion 
thereof, 120 ft. by 40 ft., and 90 ft. in height, on this occasion operated on, was formed of qnartzose 
schist, extremely hard, and weighing about if cwt. to the cubic foot, stratified in lines extending 
from N.E. to S. W., a little overhanging to S.E., but nearly vertical, with numerous joints in that 
and other directions throughout the whole mass. 
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An entrant gsllery, Figs, 1149, IISO, S ft. 6 in. by 3 n.6 in., was driven froni the fsoeof the 

rock, commencing nt a hei)-)it of 12 ft. ainve ita base, vith a view to gain an cffleient line oF tamp- 
ing reaistanco, a favourable joint in the line of Bttata having been taken advantBge of to the extent 
of 84 ft., where a shaft, 3 ft. fi in. by 3 ft. 6 in., km aonk to the depth of 14 ft. 6 in. ; from thi^ 
level K^lerica. 5 ft. G in. by 3 ft. «; in., were driven right and left, the former to the extent nf 
49 ft. 9 in., and the latter ^6 ft. 6 in., with a length of 43 ft. 6 in. of he«dingi and chambers of 
similar dimensions, as illuatrated in the accompanying plan and elevation. The galleries, ahafts, and 
■o on, were worked out by blasting, neceHsitated by the hard nature of the rock ; and the increased 
■iie given to these communirations above th»t gencreJly adopted was with a view to enable the 
minen to gtrike with more freedom and effect, the extra excavation being more than compenssted 
b7 the facilitv of working. The chambem were formed by slightly enlarging the short return- 
headings, and were placed from 2 to 3 ft. below the level of tho ground or rail line in front of 
the quarries, to ensure the bottoms of the faoo acted upon being well lifted, as want of attention 
to this pcuticular before a former explosion led to considemble autnequent labour in remoTing » 
portion of atone left standing. 



The gunpowder used was similar to the fine grain Government powder, ita strength having 
been previously tested by pmjecting wilh a 1^-oz. oharge a 68-lb. shot, from a mortar at an angle 
of 43* to the distance of 4S0 ft. ; the charges were placed in canvas bags well coated wilh tar, 
2000 or 3000 lbs. in one bag, and the remainder in imallar bags, and so respective; lodged in 
each chamber. 

The tamping was executed tbroughont with a sort of ittff red clay obtained in the vicinity, 
laed in a slightly moist state, well rammed np to the entranoea of the chambers, and close to 
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to the month of the gallery in the faoe of the rock : it apparently answered its intended purpose 
admirably. 

The battery employed to fire the charges was that known as Grove's. It had 32 cells, and 
platinum plates, 8 in. by 6 in., in nitric acid, in porous cells surrounded by diluted (6 to 1) sul- 
phuric acid ; it was placed on the top of the cliff, and directly in rear of the line of chambers, 
300 ft. distant from the upper edge of the former ; two copper wires connected the batteiy with 
each charge, extending from the latter through the galleries directly up the face of the elm and 
on to the cells, where the four positive were united, as well as the four negative. To the extremi- 
ties of the copper wiros at the charges were attached platinum wire about ^ in. in length, protected 
by a wooden block, round which block a small bag of fine or sporting powder was tied and intro- 
duced into the large bags of powder before mentioned. 

The total quantity of powder used in the explosion was 12,000 lbs., placed in four charges, 
amounting respectively to 4000, 3000, 2300, and 2700 lbs., with lines of least resistance 29 ft, 
32 ft., 22 ft., and 24 ft. 6 in., as shown in Figs. 1149, 1150 ; these respective charges were not cal- 
culated by any specific formula founded on the lengths of the lines of least resistance, but a 
certain number of pounds of gunpowder a ton of rock to be removed was allowed, according ^to 
the particular features and tenacity of the portion to be acted on (in the present instance 1 lb. of 
gunpowder to 3 tons of rock); this calculation was based upon the experience gained from 
numerous previous explosions of a similar character carried out at different parts of the quarries. 
In some cases, 1 lb. of gunpowder was found sufliclent to remove only 2 tons, in other cases it 
has proved adequate to displace 4 tons of stone. 

Bliortly after the hour appointed (twelve o'clock), the mines were fired on a signal with most 
successful results ; the rock a little above its base was seen to bulge slightly outwards, and then 
tumble to pieces, emitting much smoke, and the superincumbent mass gently sliding down, 
separated into various sized blocks ; a perfect volley of small stuff, mostly the tamping, shot 
horizontally along, close to the ground, directly in front of the face of rock, to a distance of 
about 250 ft., covering the surface with a coating of fine damp clay, separated into small particles ^ 
like sand ; no stones of any magnitude were thrown out beyond the general debris, which was con- 
fined to a width of 125 ft. from the original face of the quarry. 

The total quantitv of rock removed was about 40,000 tons, which gives 3| tons to the pound of 
gunpowder used. The report on the effect of a similar explosion in January, 1857, shows that 7| 
tons the pound of gunpowder were then brought down, or nearly double the quantity removed by 
each pound on this occasion ; and on reference to the accompanying plan it will be observed that 
if, instead of the charge of 4000 lbs., a smaller one had been employed, the effect would probably 
still have extended as far as the ioint at that end, and also that a slight addition to the charge of 
2700 lbs. at the other end would have caused the fall of all the portion as far as the recess, which 
is described as much shaken. It may also be remarked that the cliff brought down in January, 
1857, was 25 ft. higher than that here described ; also that the strata of the former were hori- 
zontal, whilst those of the latter were vertical ; and, on the other hand, that the blocks forming 
the debris of the latter were smaller, and more suitable for building, than those of the former ; it 
is evidently, therefore, difficult to fix any rules for determining the quantity of powder required, 
especially where hidden joints exist which limit its effects. 

The miners were but little impeded by wet or damp ; the gallery was driven with a slight 
inclination upwards to allow any water met with to find its way out. Whenever damp holes had 
to be fired, pitched bags or cases, capable of holding 3 to 5 oz. charges, were used ; the smoke from 
the firing of the blasts and foul air were removed by a rotatory blower worked by a boy at the 
mouth of the heading, and a canvas pipe conveyed the fresh air to the chambers. 

The powder was brought to the mouth of the gallery in cades (containing from 50 to 100 lbs.), 
and there emptied into canvas bags capable of holding 50 lbs. ; these bags were then passed from 
hand to hand by men placed at intervals in the galleries, to the respective chambers, where they 
were discharged into larger bags previously lodged there, to the extent required, after which some 
old powder-<»sk sackings were thrown round and over them. 

The clay fbr tamping was brought to the mouth of the main gallery in wagons, and wheeled 
through it on planks to the shaft, where it was thrown down, and conveyed from the bottom 
thereof in a similar manner to the headings. This method was found to require less time and 
labour than any other known to the engineer. The whole of the tamping was performed in 42 
hours by 25 labourers. 

The copper wires leading from each charge were, throughout their course in the tamping, 
lapped round with calico and tar-bands, great care having been taken when tamping about them. 
This method was preferred to that of using wooden casings, and gave much freedom and ease in 
turnings at the angles and bends in the heading's. 

Grovels Battery. — 32 porous cells ; 32 zinc plates ; 32 platinum plates ; 32 gutta-percha troughs ; 
mahogany case for box, quicksilver, and poles ; 2^ gallons nitric acid to fill the cells ; ^ gallon 
Kulphuric acid. 

Wires. — 8 copper wires from the battery to the charges, including calico lapping and tar- 
bands :— 8 X 500 ft. = 40U0 ft., and 800 ft. of wire weighing 28 lbs., 4000 ft. = 140 lbs. 

The time occupied in driving the galleries, shafts, and so on, was about 9 months, the rate of 
progress averaging 1 foot the day of 24 liours, and 8 miners working. Powder used in blasting 
(3 lbs. a foot), 210 X 3 = 630; 1 in. of fuze a foot = 210 ft. ; 6 lbs. of candles a week, 36 x 6 = 
216 ; 30 bags or tarred cases. 

Thus it would appear that 40,000 tons of stone were procured at an expense of 669/. 10«. 6(f., or 
about 4</. per ton. 

At a point 150 yards in front of the cliff, the report was not loud, it resembled the. sound of 
very distant thunder. 

Application of the Galvanic Battery to Military Purposes. Taken from H, WarcCs paper, *Profe$' 
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sional Papers, S.E.* 1855. — ^The inquiry, whether the explosion of charges of powder by voltaic 
agency could be made generally applicable to engineering purposes in Sie fielo, seems naturally 
to divide itself into the following heads : — An inquiry 

Ist. Into the motive power. 

2nd. Into the conducting medium, or the means by which that power could be conveyed to a 
distance. 

drd. The construction of bursting charges to produce the desired explosion. 

4th. How the power obtainable could be best applied to the explosion of a number of mines 
simultaneously. 

Motive Power. — The inquiry into the motive power arranges itself under the following sub- 
divisions : — 

1st. The determination of the principle by which voltaic action could, on the whole, be most 
ofTectually produced ; that is, the determination of that combination of metals and acids which, 
while it comprises such as are genenJly procurable at a moderate expense and are safe to handle, 
would exhibit the greatest power. 

2nd. The most economical arrangement of these, as to size and numbers ; so that the power 
required should be produced out of the smallest bulk, and at the least cost. 

3rd. The genend simplification of the arrangement of cells and plates, so as to admit of their 
easy repair or replacement ; the'arrangement to combine portability and facility in charging and 
dismantling ; the whole to admit of being readily packed and put together ; to be durable, having 
as few parts as possible liable to deterioration by keep or use, and those such as to admit of many 
spare ones being carried with the apparatus, and easily procurable anywhere. 

4th. To reduce the manipulation to a mere mechanical process, requiring in the application no 
chemical or scientific knowledge to work it efifectually. 

Conducting Medium. — The inquiry respecting the conducting medium naturally embraces the 
best metal for the purpose and the most desirable thickness imder every circumstance ; a ready 
mode of ascertaining the conducting power of any description that might be procured on the spot 
in an emergency; the degree of isolation required to preserve the strength of the circulating 
current, the best covering to effect this perfectlv, and the cost of the most approved. 

Bursting Charges. — The most approved burstmg charge to be ascertained ; whether that formerly 
made with a thin platinum or iron wire, or that discovered by Brunton, where an inflammable 
compound is obtained seemingly by a combination of copper, sulphur, carbon, and gutta-percha. 

In the former, the best length and thickness of platinum or iron wire, and the most desirable 
construction for bursting charges under such circumstances; in the latter, the most approved 
compound, and the readiest method of making it. 

Simultaneous Firing. — How far the power obtainable by voltaic agency can be applied to the 
explosion of a number of charges simultaneously by each description of bursting charge, and the 
best arrangements for this purpose; the rules deduced from scientific inquiry that should be 
the guide in considering such arrangements, and how far they must be modified in practice. 

As the whole of the investigation is based on the theory of voltaic circuits, propounded by 
Professor Ohm, of Nuremberg, of which a translation is to be found in Taylor's * Scientific 
Memoirs,' June, 1840, we cannot expect to be generally intelligible, unless we preface the experi- 
mental results with a notice of the principles established by him, and the conclusions deducible 
therefrom. 

In considering a voltaic arrangement of one pair, say zinc, platinum, and dilute sulphuric 
acid with the circuit closed. Ohm has ^own that tne force of the current in circulation is directly 
as the sum of the electro-motive forces, and inversely as the sum of the resistance to its circulation. 

By the sum of the electro-motive forces is meant the excess of affinity of the zinc for one of the 
elements of the solution, as, for example, the oxygen of the water in the above case, over all other 
counteracting agencies : this force therefore being entirely independent of the size of tfie plate, and 
subject solely to the nature of the metals and liauids in voltaic combination. 

By the term excess of affinity it is understood that if zinc is put in sulphuric acid and water, 
the zinc decomposing the latter, the cause of the decomposition must be that the affinity of the 
zinc for oxygen is in excess of that of the hydrogen for the oxygen, with which it is in the first 
place combined. It is this excess that in this particular case is called the sum. In many combi- 
nations of metals and liquids, as in a Daniell or Gfove, this excess is the result of more com- 
plicated forces, but in all cases the sum of the electro-motive forces is intended to express this 
excess. 

By resistance is intended the obstacle opposed to the passage of the electric current by the sub- 
stances through which it has to pass. It is the inverse of what is termed conducting newer. Wo 
are in the habit of talking of conducting instead of resisting power, but it will be acknowledged 
an equidly accurate conception, to view all conducting media in the light of resistances opposed to 
the passage of electricity, as to consider them conductors aiding its circulation. No substances 
in nature are perfect conductors, consequently some electric excitement is lost in each step of the 
transmission from particle to particle ; and it seems as rational therefore to ascribe the loss expe- 
rienced to a resisting agencv, as to attribute the quantity obtained to a favouring one. 

Let F then represent the force of the current in circulation, which it must be remembered, 
from what has been before stated in the first part of this paper, is equal in all parts of the circuit. 
Let £ = the sum of the electro-motive forces, and B = the sum of the resistances. Then 

F = |. [1] 

The resistance B in an ordinary voltaic pair is made up of two principal and some inconsider- 
able portions. The former include the resistance of the wire completing the circuit, and that of 
the liquid intervening between the plates. 
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The reBlBtanoe of the conducting wire which we call tr, yaries directly as its length (/), and its 
specific resistance (a) ; and inversely as the area of its section (a). Or, 

» = -. [2] 

The resistance of the intervening liquid, which we will call L, varies directly as its specifio 
resistance (S), and the thickness of the stratum (T) ; and inversely as the surface of the plate in 
contact with it (A). Or, 

!- = ¥• ra 

By specific resistance is meant the resistance due to the nature of the liquid employed, and the 
term is used in the same sense as we speak of specific gravity. 

In fact, Ohm assumes that every atom, wnether of liquid or wire, is capable of receivino: 
excitement from the one before it in the circuit, and parting with it to the next in succession ; that 
a loss occurs in the transmission depending on the differences of the electric forces existing in the 
two adjacent atoms ; just as in the theory of heat the transmission of caloric between two particles 
is regarded as proportional to the difference of their temperatures. From this the laws in equa- 
tions [2] and [3] seem obviously deducible. 

There are other resistances in an ordinary voltaic circuit, namely, that of the plates themselves, 
and of the metallic connections between each pair, when a number are combined in series ; but 
the great sectional area and short length of them make their absolute resistance, when compared 
with the rest of the circuit, insignificant. They do not require a separate consideration. 

The resistance B then consii& of L and tr, or 

Now, instead of completing the circuit by a wire, let the plates of a pair be connected by a 
medium whose resistance is insignificant, and equation [4] beoomes 

F = -J, [5] 

representing the free circulation in a voltaic pair, when to = o. 

If n such pairs are arranged in series, the first zinc and the last platinum being brought in 
contact by a substance whose resistance is insignificant, we shall then have n electro-motive forces, 
but also n resistances ; so the value of F vrUl remain unchanged, for 

_ »E E 

but there can now be added n times as much resistance of wire as could be borne in equation [4], 
without diminishing the value of the force F below that which it represented there, for 

L 4- to n L 4- ww 

When the galvanic circuit is divided and circulates at the same time through two or more 
branches, the force of the current through each will be in the inverse ratio of its resistance ; thus, 
if r and r' be the resistances of the two portions or branches of a conducting medium through 

which the current passes, — and —f wiU be the proportional force of the current in each, and 

f f 

their sum ;— will be that of the current passing through both ; therefore — ; — j will represent 

the resistance of a medium that could be substituted for both, and not diminish the amount of 
circulatiDg force. 

It is very important to bear in mind the law relative to divided currents, as it particularly 
concerns arrangements for simultaneous firing. We are too ready to assiune that electricity selects 
for itself the readiest path, utterly rejecting inferior means of conduction ; but with respect to the 
circulation of voltaic currents, this idea is decidedly erroneous, and the converse is capaole of easy 
practical demonstration. 

These are the points of Ohm's theory that most immediately concern us ; let us now see what 
conclusions are deducible from it. 

E 

Beferring to equation [1], F = ^^ , it is evident that in a voltaic arrangement, the nature of 

whose metals and liquids has been decided on, the force F is entirely dependent on the magnitude 
of B, or the resistance offered to the circulation of the current ; as when B decreases, F increases, 
and when B = o, F = oo , which implies that whatever arrangement of plates and acids may be 
made, if the resistance can be reduced to o, the power obtainable is infinite. That this is true may 
be explained in this way. It will be rememberod that it was shown (see Battebt) to be essential 
to the flow of a continuous current, in an arrangement, for example, of zinc, copper, and dilute 
sulphuric acid, that the zinc should be oxidized, the sulphuric acid should combine with the oxide 
to form a sulphate, and the salt should be removed by dissolution in water, leaving all things 
in statu quo for a new set of actions. Now, though these are described as subsequent operations, 
where no restraint is offered, they all take place at the same instant. 

Now when B = o, the initisd force F is dependent on the value of E, which represents the 
excess of aflinity of the positive metal for one of the elements of the solution over all counteracting 
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agencies, and is therefore limited ; but if snclr an arrangement were made that the limited force 
should he developed again and again, independent of time, the resultant power, of course, would 
be inilnite. At nrst view it seems as if the combination of zinc, platinum, and dilute acid, above 
described, is such an arrangement ; and as far as the chemical action is concerned (if we leave out 
of consideration the adherence of the hydrogen to the negative plate) it certainly is, but there is 
one great check to the development, which can be diminished, but not got rid of altogether, namely, 
the resistance of the liquid to the passage of electricitv from plate to plate. As there must neces- 
sarily be some liquid to produce excitement, so must there be a redstance B ; let this but assume 
a value, and F becomes limited. 

The development of an unlimited force F would seem, then, to be prevented by the resistance 
offered to the circulation of the current. It may be considered that the zinc, for instance, on being 
continually attacked, and finding a difficulty in getting rid of its excitement, becomes so charged 
that it resists a further disengagement of electricity, or, which is equivalent, resists further 
destruction, that is, loses its affinity for oxygen, till it can be restored to a certain state of quies- 
cence. We have a case analogous to this in electricity produced by friction in an electrical 
machine, where, in order to obtain an unlimited supply of positive excitement from the glass 
cylinder, to charge Leyden jars, or for other purposes, it is necessary to connect the negative prime 
conductor with the ground, to carry off a portion of Uie high negative excitement produced in it 
by the friction ; it being well known that if this was not so connected it would become so highly 
charged as to resist further disengagement of excitement. I liave here given, says Ward, this theo- 
retical view of the varying value of F, to bring before the mind the fact that the force of the current 
circulating is controlled only by the value of R, and that I conceive it to be true that, without any 
litnibttiony so long as R is decreased F will increase. ' 

The vfdue of R is, as has been stated, composed of two parts, namely, the resistance of the 
exciting liquid and of the metallic wire closing the circuit ; and how these can be diminished in a 
simple voltaic pair we shall find by referring to equations [2] and [8]. 

From equation [3] we can diminish the resistance of the liquid stratum, by bringing the plates 
nearer together, by substituting an exciting solution whose specific resistanoe is less, or by 
increasing the size of the plates in each cell. 

From equation [2] the resistance of the conducting wire in a simple voltaic pair can be dimi- 
nished, by substituting a metal whose specific resistance is less, by shortening the length of the 
wire, or by increasing the area of its section. 

Diminishing the distance between the plates in each cell by one-half or one-third will permit 
us to diminish the size of each plate, and there/ore their weighty by one-half or one-third, without a 
loss of power. 

Increasing the section of the conducting wire,' or, which is the same thing, increasing its 
weight per yard, will permit its length to be similarly increased, without diminishing the ^ue 
ofF. 

E 

In the equation F = ^— — , taken as representing the condition of a circulating force F in a 

1j + tc 

determined combination of metal and acid, we have seen that F can only be increased by the 
diminution of L or w, or both. 

We have just seen the means by which L can be diminished, and supposing that by one of 

these it has been reduced to — its value, the equation of the voltaic pair becomes 

F' == ^ = '^E 

L L + nw 

— + «? 
n 

With respect to ic, every mode of diminishing its value, which has been before mentioned, is 
adopted in practice ; that is, a metal (copper) is emploved, the specific resistance of which is tho 
smallest known ; such a size of wire is used as can with a due regard to economy be employed, and 
no longer length than is actually required would, of oouzse, ever be placed in the circuit. But 
there is yet another mode of reducing the resistance. 

For instance, if it is desired to reduce w to — th its present value, it is readily done by com- 
bining n voltaic pairs in series, and applying them to circulate the current through w ; the equation 
then stands, ^B E 

" nL + to " u> 

There are here, then, two modes of increasing the force F, and the question is, which is the greater, 
r or F", that is, E E 

-= or 

Li to 

—^w L+— 
n n 

Their comparative values evidently depend on the respective values of L and to ; for if L is greater 
than 10, F' is greater than F" ; if equal, equal ; and if less, less. From this we have the following 
rule: — 

When the resistance of the liquid stratum is greater than that of the wire, it is more advanta- 
geous to increase the size of the. plates of a voltaic nair than to arrange a number in series. When 
the two resistances are equal, it matters not which is done ; and if the resistance of the wire is 
greater than that of the li()uid, the development of the force F is most economically obtained by 
placing several poiia in series. 
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This is a most important'principle to bear in mind (as will be hereafter shown) when making 
an arrangement for the explosion of a series of charges; for by a simple alteration of the dispo- 
sition of cells, effects can be produced which without the knowledge of this principle would be 
unaccountable. 

The rule above made evident is supported by practice. In electro-plating, where the metallic 
portion of the circuit is short and ample in size, experience has taught that it is more profitable 
to increase the size of the pair in action. But in the explosion of charges of powder at long 
distances, where the metallic resistance is usually extensive, it is found more economical to arrange 
plates in series. 

The explanation usually given for the necessity of different arrangements for the two pur- 
poses is, that in electro-plating a quantity of electncity is required, while in exploding charges 
intensity is essential. Intensity of heat (for this is one of the forms in which electncity can 
be made apparent) is a property partly dependent on the quantity of heat, and partly on the 
space it occupies. An increase or intensity can be obtained by putting the same quantity into less 
space. The same quantity of caloric applied to a 12 and 24 lb. shot would produce heat of various 
degrees of intensity. Intensity, therefore, is directly and entirely dependent on the space into 
which a given quantity of heat is compressed, not upon an arrangement of cells in series. It would 
be enually correct to say that increasing the size of a voltaic pair would increeise the intensity, as to 
ascrioe that power to the accumulation of cells in series. In fact, both these arrangements have 
that power, as we can imagine the same force F being made to circulate by each mode in the same 
combination of metals and acid — though in one case by an arrangement in series, and in the other 
by having one large voltaic pair — and through two wire circuits identical in their size, length, 

nB 

and conductibility. In the former, assuming n cells to be placed in series, F = — = ; 

E 

and in the latter, tr and E being of the same value as above, F = =r^— — . And for both 

li + tr 

n — 1 

these values to be equal it is only necessary that L' should equal L tc, which value is 

fi 

obtainable by a proportional increase of one pair of plates, as long as tr is less than L. 

n 

E 

The same force F, then, whether caused to circulate by the conditions expressed by — or 

Jj -|- ic 

fiE 

■- . — , will exhibit the same intensity on similar parts of two identical wire circuits, and the 

» 1j -f- M» 

property of producing intensity is thus shown not to be confined especially to either arrangement. 

To produce any^required intensity it is necessary to get the reiiuisite quantity into the given 
space, and this can only be done by overcoming the obstacles to its transmission. There are two 
descriptions of resistance to overcome, namely, that of the connecting wire and that of the liquid, 
and it depends on their comparative power which it is most desirable to diminish ; the former can 
be lessened most readily by accumuLeiting cells in series, and the latter by increasing the size of 
the plates. 

It is practically true that in the explosion of charges at long distances the required intensity can 
only be obtained by accumulating cells in series ; but the reason of this is evident, namely, that in 

E 

equation F = ■=r-;— — , even if the resistance L by the increase of the size of the plate be reduced to 

an insignificant value, that of to may still be too great to admit of the required quantity circulating 
tlirough all parts, and then plates in series are essential to reduce the value of tr, as by that means 
only can F now be increased. 

The converse, however, is equally true, and deserves consideration. Imagine a combination of 
n cells arranged to 'overcome a resistance to, and that the number is so great that the opposition of 
w has been practically reduced to nothing, or the equation representing the value F standing thus — 

F ——H^— — ^ 

"" »L -J- tC T I ^ 

n 

in which — is so insignificant as to admit Of its being left out of the consideration, then practically 
n 

E 

F = — . Now, if L is so great that its resistance alone will not permit of a sufficient quantity of 

li 

force circulating, then if 1000 or 10,000 cells were placed in series, we could not sensibly increase 

F 
the value of F, for it could only approach, but never could equal -y- ; to obtain sufficient intensity 

in this case it would then be essential to increase the size of each plate in the series, for by that 

means only could F now be augmented. These considerations are important, for they show clearly 

that there is a limit in each case, beyond which we can get no appreciable increase of power : in 

the one no further, increase of the size of the plates will increase the force, unless we at the same 

time increase the number ; in the other we may diminish the size so much as to render a large 

number placed in series of no value. 

nE 
Returning again to equation F = — . It has been shown that, whatever the value of », 

n Jj -f- tp 

E 

F cannot equal -=r- , that is, the elcctr<hmotive force of one pair restrained by the resistance of the inter^ 
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fi. V 

veninj liquid ; at the eame time the combination — =r- has the power of cironlating the force F 

through n times the metallic circuit which -^r- could, for F = = — ■ — = -. . , These two 

L Lt + uf nLt + nw 

theoretical conclusions admit of the popular explanation, that in a series of cells, with plates, say 

of zinc and copper, each copper, while receiying excitement from the zinc of its own cell, restores 

to equilibrium the zinc in tne next, or that* to which it is metallically connected ; that is, the first 

copper in the series tranquillizes the second zinc, the second copper the third zinc, and so on ; and 

then there remains only the first zinc and last copper, which require to be connected to permit 

each to return to a state of quiescence ; of course, then, any connection uniting these two, however 

small its resistance, cannot have so great an amount of electric fluid traversing it as that which one 

At the same time, as Ohm has shown that the quantity of electric fluid travelling by two 
paths to the same destination will proceed by each in quantities varying in the inverse ratio of 
their powers of resistance, let us imagine the quantity at the last copper plate in the series desirous 
to return to the first zinc, and that the zinc and copper is metallically connected, bearing also in 
mind that this zinc and copper are connected by another means, that is, by the alternation of metals 
and acid solutions, both conductors intervening between them, so that there are here two paths by 
which equilibrium can be restored ; and now if we suppose, first, the metallic resistance insuper- 
able, the whole of the electricity will return by the liquid ; if we suppose the liquid resistance to 
be insuperable, tranquillity will be restored wholly by means of the metallic road. But in reality, 
as neither resistance is actually insurmountable, the fluid does return by both roads in the inverse 
ratio of their resisting powers. Conceive, then, one voltaic pair with the circuit closed by a wire 
of any given length. In this position a certain amount of electric force is proceeding from tho 
copper to the zinc by the wire, the remainder returning by the liquid, the proportion depending on 
the resisting powers of each ; if, then, we increase the resistance of the liquid portion n times, we 
can proportionally increase that of the metallic portion without altering the absolute quantity 
pfoceedmg by each path. In a combination of n cells the former is done, and then we are enabled 
to do the mttor. When n cells are used in series, n times the resistance is opposed to the return 
of the electric fluid at the last plate by the liquid to the first, for it has to traverse n thicknesses of 
solution and n pairs of metallio plates, ana so we can add on n times as much metallic wire 
resistance without diminisHing the quantity, thereby circulating below that which would droulate 
through the original length, were but one voltaic pair to be employed. 

This passage is not perhaps oulte clear, as it would imply that an increase of the liquid 
resistance, taken by itself, would allow an augmentation of the wire resistance also. At page 538 

the formula explains it, as it is shown that F = ■=--: — = , . » t—. — representing the 

nE 
conditions of a single pair, and that of a series of n pairs, in which L having been 

increased n times, to, has also been increased in the same proportion; but the numerator or electro- 
motive force has been likewise increased n times. 

Proceeding on the principles thus developed by Ohm's theory to inquire into the power of 
every description of battery, it will, we hope, oe clear from what has been said that it was in the 

E 
first place necessary to ascertain the comparative value of L and w in the equation F = ^r-— — 

before it could be decided whether the force F would be most economically produced; and 
secondly, the comparative value of £ to show the relative electro-motive energies of the several 
known combinations. 

Before proceeding to detail the experimental results which determined the choice of tho 
motive power or description of battery for military purposes, we may enumerate those that have 
been submitted to examination, namely : — 

Woitasion*8 — Zinc and copper and dilute sulphuric acid, and its modifications of zinc and iron, 
and copper and iron. 

Sm^^s — Zinc, platinized silver, and dilute sulphuric acid. 

Grovels — Zinc and dilute sulphuric acid, platinum with strong nitric acid. 

Danieira — Zinc and copper, with dilute sulphuric acid and sulphate of copper. 

DiUgleish's — Zinc, platinum, and nitric acid. 

McCalUxfCs batteries, of which there are several varieties. 
These several batteries can be classified under two heads — ^those in which an evolution of gas 
takes place on completing the circuit, and those in which, for the attainment of constancv, tho 
gas is absorbed by a chemical process. To the former class belong WoUaston's and its modifica- 
tions, Smce's, and Dalglciah*s ; and to the latter, Daniell's, Grove's, and McCallan's. 

The advantages of the first class consist in tho simplicity of the arrangements, the use of but 
one acid, the necessity for porous cells being thus avoided ; while tho second has the advan- 
tage of producing greater constancy by a chemical arrangement, though at the expense of 
simplicity. 

WoUaston's, Smee's, Daniell's, and Qrove's batteries have been for some time before the 
scientific world, and are well known. McCallau has organized several combinations of metals 
and acids which require notice. In one, cast iron is simply substituted as the negative metal for 
the platinum of Grove's; in other forms he uses successively platinized iron, platinized lead, 
chromed iron, chromed lead. lie also varies the exciting solutions. Now he employs conccntrateu 
nitric and doubly-rectified sulphuric acid in contact with the iron ; then, again, this solution is 
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modified by mixing four parts of sulphnric aoid, two of nitric, and two of a saturated solution of 
nitre together. If, in this latter mixture, nitric acid is dispensed with, its place must be supplied 
by an addition of the nitric solution, which, he states, neea not be saturated. He also finds that 
nitrate of sod^ could be substituted for nitrate of potash, though with a loss of power to be repaid 
by cheapness of material. 

Platinized or chromed cast iron answers as well as platinized lead, and oast iron without being 
chromed appears to act as well as platinum. 

After weighing well the relative qualities of lead and cast iron, McGallan prefers the latter, 
principally because it does not require platinizing. 

From these remarks it seems lust to infer that cast iron not platinized — ^that is, plain — ^was, on 
the whole, better than platinized lead, platinized iron, or chromed iron ; and if this is the case in 
the laboratory, it will be much more so in the field, for the platinizing process will, owing to the 
destruction of the iron, require to be frequently repeated, entailing much expense and trouble, and 
requiring scientific knowledge and practice. It was only necessary then to test the merit of the 
substitution of cast iron for the platinum in Grove's, and the use respectively of nitric and 
sulphuric acid mixed, concentratea nitric and sulphuric acid mixed, and concentrated nitric acid 
alone, when applied to produce voltaic action. These trials have been made. 

The battery made by Dalgleish, of the Ordnance Survey Office, Dublin, deserves particular 
notice. He employs zinc and platinum for the metals, and strong nitric acid, though it should not 
be concentrated, for the solution. Platinum cups containing nitric acid have suspended over them, 
attached to a bar, cylinders of zinc, which are kept from the influence of the acid by strong elastic 
bends. At the moment the voltaic action is required, a pressure on the bar immerses the zinc, and 
at the same time, by an in^nious arrangement, completes the connection of the several cells. An 
action ensues, and the desired effect being produced, the removal of the hand allows the elastic 
bands to withdraw the zinc cylinders, and yet to keep them suspended over their respective cups 
from further destruction. See Figs. 1151 to 1153. 

1161. 
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Plan. 

Reference : — a a, Platinam cylinders in metallic communication with Uie 
platinum connectors 6 6. cc, Zinc rods in communication with the platiunm 
connectors d d. When in action d d press lightly on b 6, thus connecting 
each sine rod with its corresponding platinum cylinder. 
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Elevation. 

Reference : — ^The right-hand zinc rods are omitted to show more 
clearly the mode of closing the cjlinders with the lid ;?, when not in 
use. //, Straps of india-rubber, which are intended to raise the bar 
X when pressure is removed, so as to stop the action. 



T 


^ 


'iiHir 


M' 


c 


C 


innr 

op 


ill0 





Section on A B, with portions 
of the battery in elevation. 

Reference : — e e, Poles of 
the battery, ss. Screws, 
ft n, Pillars on whidi the bar 
X slides. 



Though this battery is classed with those in which an evolution of gas occurs, they can by no 
means compare with it in energy. Its electro-motive force is very great ; nor can we by description 
do justice to the ingenuity of the arrangement by which the zinc cylinders are kept out of the acid 
till their destruction is necessary ; at the proper moment the pressure of the huia immerses them, 
and simultaneously makes the connection of the several cells. 
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With teapect to WolUrton'e battery of zinc nnd copper, and the modiflcittionB of It before 
mentioned, we did not submit thein to »aj detailed examinatioti, for we believe it la well known 
and genemlly aoknowledgsd that Smee's principle is superior to them in rvtri/ waj. Having 
Mtiafled himself of the truth of thia general opinion. Ward tested more carefully the power of » 
8mee, and the result will show how inadequate such an arrangement is for the Intense and 
oonatant heat required for eiploetons of powder. 

The plan pursued in the inqulr; into the mertle, or productive values, of these several forms 
of battery, was to ascertain first the most advantageous size and ajTmuKeaient of platea to cause 
the circulation of the required amount of force in eaoh, and then to select Uie one beat for n»e 
in the field. 

The principle on which Ward prooeoiled to obtain these values was by iotroducbiK variable 
reaistances into tbe circuit, end bringing the force of the current circulating in each case to an 
equality : then, by e^^uallog tbe two eipreasiona nbtaiued, we can arrive at the electio-motive foroa 
or resistance of the liquid, wwarding to the conditions of the experiment. 

To apply the principles mentioned, it is neceassry to have the means oF varying the interposed 
resistance gradually between any required limits ; sud the instrument employed was a Bheostat, 
Pig. IIM. 



The following is a description of it : — g is a cylinder of wood with brass termination, and h a 
cylinder of braiw, both of the same diameter, and having their axes parallel to each other. On the 
wood cylinder a spiral groove is cat, and at one of its extremities is altncbed one end of a luns 
onpper wire of smnll cliameter, which, when coiled round tbe wood cylinder, fills the entire groove, 
and is filed at its other end to the extremity of the brass cylinder. The two springs j and k. 
pressing one against the brass tenninal of the wood cylinder, and the other against the brass 
FTlinder A. are connected with two binding screws for the purpose of receiving the wires of the 
circuit. The movable bmidle m is for turning the cylinders on their aiea ; when it le attached 
to the cylinder A, and is turned to the right, the wire b uncoiled fWim the v>ood cylinder, and 
coiled on the brass cylinder : but when it is applied to the cylinder g, and tamed to the left, the 
reverse is effected. The coils on the wood cylmder being insulated and kept separate from each 
other by the groove, the current passes through the entire length of wire coiled on that cylinder; 
but the ooila on the brass cylinder not being msulated, the current passes immediately from the 

Kint of the wire which is in contact with the cylinder to tbe spring *■ The effective part of the 
igth of tbe wire is therefore the variable portion which is on tbe wood cylinder. 
A scale Is fixed to measure the number of coils unwound, and the fractions of a coil are 
determined by an index which is fixed totheaxisof one of the cylmdeis, and points to tbe divisions 
of a graduated scale. 

The instrument employed was made on tbe same principle, though of larger dimensions, as 
more suitable to tbe inquiry in view. The cyiinders were 10 in. long, and exactly 10 in. in circum- 
ference, the wire employed being about -015 in. diameter, and weighing about 53 grains a yard. 
Tbe wood cylinder when covered held 190 turns of such wire, or 52} yds. ; and It was assumed as 
the standard measure of resistance, eetimating and expressing all other resistances in terms of this 

Smne mode was requisite by which the force oF the current circulating could be measured. A 
delicate a«tatio galvanometer flnt occurred to Ward as suitable for the purpose ; but he found 
that, though well adapted tix' the measurement of feeble currents in circulation, it was not so 
•nitable 1^ meMoring those of snch great energ; as are required for the purpose of exploding 
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powder. It seemed that the resistance of the liquid siratam and the electro-motive forces were, in 
some forms of battery, dependent in a degree on the amount of electric current in circulation, or 
when the quantity was so minute as to be accurately measured by a galyanometer the value of L* 
was less than when a more energetic current was passing. On the other hand, when a sufficiently 
strong current was circulating, the deflection of the galvanometer needle was so great, that smaU 
variations in the extent of the circuit produced no effect on the variation of the n^le. Frequent 
changes were also apparent in the magnetic intensity of the needle when acted on by strong 
currents, so that two equal degrees of variation could not be taken as indications of the same 
amount of circulating force. It was therefore no easy matter to ascertain when a current suffi- 
ciently energetic for the object of the inquiry was in circulation. 

With an intention, then, of ascertaining the amount of resistance and electro-motive force in 
every form of battery, when a current of sufficient energy for exploding powder was circulating, 
and at the same time to have a certain indication that such was the condition under which he was 
making the experiment, Ward adopted the following plan. In some part of the metallic circuit 
he placed a thin platinum wire, |th of an inch long, weighing 1*65 grain a yard. Gradually 
varying tiie metallic resutanoe, he then ascertained the amount at which the small wire would 
just melt. As the same degree of heat would always be necessary to fuse the same length and 
thickness of platinum wire, and as that could only be obtained by the same force of current passing 
uniformly through all parts of the circuit, and, moreover, as the fusion of this wire would readily 
ignite surrounding powder, he thus obtained a galvanometer which, at one view, gave all the 
information required. 

It was an ^iLsy matter to design an instrument for holding the wire, or any number of wires, if 
required. Waid had one constructed, which also permitted of two wires being placed in successive 
parts of the circuit, or, if necessary, of two sets of six, the wires of each set being arranged side by 
side. (The reason for both these arrangements will afterwards appear.) They were held firmly 
between parallel brass plates ; and by means of screws, clamps, and a graduated scale with a 
vernier attached, any length, from the smallest imaginable to 1} in., could be introduced in the 
ciicuits for the purpose of experiment. As it is an instrument for measuring energetic currents, it 
may be called an intensity galvanometer. 

Fig. 1155 represents this instrument, a s is a wooden stand, resembling a flat ruler, having two 
graduated scales v o of inches and tenths of inches corresponding to the verniers on the bent down 
edges of the brass slides a a. In the figure the right slide is represented as drawn back, and 
it will be observed that it carries with it a vertical brass transverse plate, provided with slits 
for the reception of the platinum wires, which are then kept firm by the capping bar 6<2, here 
represented open, but wmch turns on a ninge at 6, and is secured firmly to the plate when down 
by the lever-catch represented at e d. The other ends of the wires are received in slits of a 
similar upright piece, which forms part of the centre plate m, which is attached permanently by 
screws to the wooden stand. This upright piece has also a lid p cf, which is here representeid as 

1165. 




closed on the wires. . The left slide a consists of the same parts, but is here shown as closed in 
to the central upright p|ece on that side ; the two uprights being covered by the cap C, which 
keeps up a metallic connection between the left and right slides, just as the platinum wires do on 
the other side. By removing the cap G the left slide becomes movable to the left, and wires can 
be inserted between the upright of the slide and that of the central plate, just as is exhibited in 
respect to the right-hand slide. // are clamping screws to secure the slides in any required 
position, w to are screws for receiving the connecting wires of the battery. When it is only 
intended to use a single wire or a set of wires, from two to six, arranged side by side, the cap C must 
be down on one side, either the right or the left, as here represented ; but when it is wished to use 
two distinct wires successively in line, or two sets of wires in succession, the cap C must be removed. 
The instrument may be made to complete the circuit, if necessary, without the platinum wires, by 
closing up the slide on the right as on the left side, and covering the uprights by another cap 
similar to G. 

As before stated, there were barely 53 yds. of standard wire on the rheostat, but it was 
generally necessary to introduce much greater resistance than this. The means of doing so 
were easily obtainable, for having on nand about two miles of thin copper wire, varying 
from 160 to 250 grains a yard, covered with gutta-percha, in lengths varying from 75 yds. 
to half-a-mile, it was only necessary to ascertain the resisting power of these in terms of tlio 
standard wire, and by Wheatstone*s instrument this was readily done. Thus with a piece 
75 yds. long, taking a Grove's battery (though any constant battery would do equally well), 
Wfi^ found that three of its cells were capable of fusing the thin platinum wire oefore men- 
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tioned, when 119} turns of the standftrd wire coiled on the wood cylinder of the rheostat wire 

were included in the circuit; and the same three cells fused the same length of wire when 

a coil of wire of another description 75 yds. long, together with 68| turns of rheostat wire, 

3E 
composed the circuit. Kow, three cells acting in series are expressed by -r-f-, that is, three 

electro-motive forces divided by three liquid resistances, if L represent the resistance of the liquid 
of one cell. The other resistances are in the first experiment composed of 119} turns of standard 
wire, and the platinum wire, the amount of whose resistance we may call p : in the second, of 
75 yds. of coil, 68} turns of standard wire, and the platinum wire p. Under each condition of 
experiment the same amount of force was capable of circulating ; calling this F, we have 

p^ 3E _ 3E 



3 L + 119} +p 3 L -I- 68} + 75 yds. +p 

By which we obtain 75 yds. = 51 turns ; or the resistance opposed by the 75 yds. of coil was 
equivalent to that of 51 turns of standard wire, and whenever this portion was introduced into the 
circuit it was considered equivalent to 51 turns of standard wire. Again, with a piece of greater 
length, eighteen cells of another battery were capable of fusing the platinum wire, the current 
passing though an equivalent of 868} turns of stiuidard measure, and when a piece 550 yds. long 
was introduce, the same result could be produced through but 88^ turns. The 550 yds. piece was 
then = 868| - 88} = 780} turns of standard wire : and to show the degree of accuracy attainable, 
each result (namely, 868} and 88}) is the mean of eight observations ; the first eight observations 
differing from the mean 668} as follows — 

}, 2i, 2}, If, 2}, f, 3i, 4} ; 

and the second eight from the mean 88} as under — 

5}, 6}, 2}, 2}, }, 4}, 2}, 1}. 

The probable error of the mean difference resulting from these sixteen observations does not 
exceed 1*15 turn ; that of a single pair of observations being within 3 * 3 turns. The galvanometer 
is, however, capable of measuring to a still greater degree of accuracy, if necessary. The above 
observations were made with a battery not pi^cularly suitable to the purpose, and with less than 
the usual degree of care, in a period of less than a quarter of an hour ; the coil in question not 
being required for the subsequent experimental inquiry. The instrument admits of a repetition 
of from 40 to 60 observations an hour with ease, and thus, in a short time, it would be easy to 
obtain a result free from any but an almost inappreciable error. In a similar manner the resistance 
of any length of wire could be reduced to a stimdard measure ; and as the wires were covered with 
gutta-percha. Ward was able to arrange them in coils round the table on which the battery stood, 
introducing such as were required by the nature of the experiment. 

As the thin platinum wire before mentioned necessarily formed part of the olrcuit in every 
experiment^ it was requisite to ascertain its resistance in terms of standard measure. This was 
done by first introducing one, and then two such wires, all of the same length, in different portions 
of the circuit (for which, as has been described, the galvanometer was adopted), and producing 
a fusion in each case by the same power of battery. The amount of standard resistance or length of 
standard wire which had to be taken out in the second case to produce fusion, was equivalent to 
the resistance of one platinum wire. This was found, by the mean of six pairs of observations, to be 
60} turns. The prooable error of this result being = 1 turn, and that of one pair of observa- 
tions = 2*3 turns, is equivalent— as the wire is but '375 in. long — to '00618 in. in the former case, 
and to -0142 in the latter. 

A ready mode of checking the correctness of this result is always at hand ; it is as follows : — 
Find the utmost length in standard measure of the metallic circuit (not including that of the 
platinum wire) which will admit of any even number of cells in series, say twelve, fusing that 
wire. Ascertain the same with each half, or six of those cells. The sum of the circuits of the 
two sixes deducted from that of the tweive will give the standard resistance of platinum wire. 
This will be a true result, subieot of course to corrections for errors of observation, however 
irregularly the cells may be working inter se ; and a reference to the formula will easily explain 
the rule. ' 

It might be supposed that the resistance of these several wires would be ascertainable by the 

formula w = — , when the specific resistance, &e length, and the area of the section are known ; 

or if they are all of copper, the specific resistance being the same, that the length divided by the 
weight a yard should give the comparative resistance ; but an approximate value can only be 
obtained by such measures. A small variation in the description of copper from which the wire 
is manufactured would affect the value of «, and the' difficulty of obtaining in wires of small 
diameter a correct value for a, or, what is its equivalent, the difficulty of obtaining a long wire of 
a uniform weight a yard, would increase the probable error of the true result. For instance, 
several portions of the same wire weighed 249*5, 233*5, 228*6 grains a yard, as ascertained by 
a delicate balance turning to -^ of a grain, thus denoting an irrog^ularity due either to the manu- 
facture or to the quality of the copper. 

It is therefore fortunate that Wheatstone's rheostat furnishes such a ready, as well as practical, 
mode of ascertaining the degree of resistance of all descriptions of wire voithovkt a knowledge of any 

of the factors of the equation «? = — . 

a 

The amount of error into which we may be led by determining the resistance from calculation 

instead of by experiment may be seen from the following Table, in which that practically ascer- 
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tained and that calculated, each in terms of wire weighing 53 grains a yard, are placed side hy 
side : — 



Actual length 

of Wire, in 

Yards. 



Weight per 
Yard, In Grains. 



Ctflcniated 

Beslstanoe in 

tarns of 

Rfaeosiat. 



Actual Resist- 
ance by Expert- 
ment In tuma 
of RheoaUt. 



75 
125 
245 
495 
280 



233 

228- 

233 

249 

166- 



22 

66 

5 

5 

2 



61-3 
104-3 
200-2 
878-5 
321-4 



51 

83f 
172f 
822} 
401| 



Percentage of 

Error in 
Calculation. 



+ 16-8 
+ 19-7 
+ 13-7 
+ 14-8 
-24-9 



Percentage of 

Probable Krror 

in aacertaiDed 

Reaistanoea. 



0-58 
0-53 
0-46 
34 
41 








Thus the first four lengths (which, as before stated, are portions of one original piece, and were 
therefore probably manufactured from one description of copper) are tolerably consistent among 
themselves, though differing on an average by more than 15 percent. >/im from the standard, 
whereas the last piece shows a minus error of nearly 25 per cent., making an aggregate error 
between the two descriptions of copper wire shown in the Table of about 40 per cent. 

Here, then, is made apparent one of the probable sources of failure in demolition by voltaic 
agency. The different diameters of the pieces of 495 yds. and of 280 yds., though apparent on 
close examination, would not strike a casual observer ; in fact they were purchased from the Gutta- 
percha Company as one description of wire, yet the resistance of the shorter lengths as compared 
with the lotifjer is as 402 to 323 ! If, tlien, calculating on the experimental results obtained from 
the former, the same length of the latter wire had been used in any proposed demolition, the 
probable result would have been total failure. 

The last column shows the probable error in the ascertained resistance, which averages under 
one-half per cent. These results are more than sufficiently accurate for the purpose of the inquiry, 
though by no means so near as it would be easily possible to attain, since it is within the compass 
of an easy day's work to ascertain the resistance of all these lengths to within -jt^th per cent, of 
probable error, and even to eliminate error altogether. 

It was easy now to obtain the value of L or the resistance of the liquid stratum in any battery, 
as well as the proportional value of any electro-motive force. The experimental results with each 
battery examined now follow, being prefaced with a description of the size and mechanical arrange- 
ment of each. Ward had, for the commencement of the investigation, that battery of Grove's 
construction which was employed in the demolition of Seaford cliff in 1850. It was supplied to 
the Engineer Department at Portsmouth as the best form and description of voltaic implement 
known for the purpose, and therefore deserves a description to show how much such an instrument 
is capable of modification, when required solely for blasting purposes. 

The battery consisted of ten cells, in each of which was suspended one plate of platinum, with 
two of zinc facing it, one on each side, at a distance of f of an inch ; the exciting solution being 
dilute sulphuric acid for the zinc in the proportion of 1 of acid to 8 of water, and strong nitric acid, 
for the platinum, the two acids being separated by a porous earthenware diaphragm ; the plates in 
action in each were two 9" x 7" of zinc, and one 6" x 6" of platinum ; each cell requiring 2f pints 
of dilute sulphuric acid, and -jj^ of a pint of nitric acid. Its weight when charged was 168 lbs., of 
which 40 lbs. was due to solution and 44 lbs. to zinc plates. 

Each cell then had the power of circulating the standard force required, that is, a foroe capable 
of fusing thin wire, through a resistance of 66^ turns standard measure. 

It was evident, on first sight of the instrument, that tliis battery would admit of considerable 
reduction, if the principles of Ohm's theory were correct ; and that if the distance between zinc and 
platinum was reduced from } to f of an inch, one-half the weight of zinc ( = 22 lbs.) and a cor- 
responding bulk of acid could be dispensed with, without lessening in any degree the power of 
each cell. With this consideration in view, and also wishing to compare an arrangement on 
Grove's principle with one of Smee's batteries. Ward had one of the former constructed with 
twelve cells, two zinc plates 4" x 2" being in action in each cell, one on each side of a plati- 
num plate 4'' X 4" and at a distance from it of about ) of an inch. The experimenter also had 
the platinum plates platinized, the original object of which was to work this identical battery 
as a 6mee, by dispensing with the porous cells and nitric acid; but thinking afterwards that this 
might appear to some as hardly a fair trial of Smee's arrangement, Ward abandoned that idea, and 
used these platinized platina plates in the Grove's arrangement only. It will be seen subsequently 
that platinized platina opposed to zinc gives a stronger arrangement than platinum only— a fact 
which was first noticed by McCallan. 

The investigation was intended to find the power of the several voltaic combinations when 
excited by ordinary agents, that is, those which might readily be obtained : our author did not enter 
into an inquiry, except on special occasions which will be particularly noticed, as to the degree 
of power attainable by the use of concentrated nitric acid, doubly-rectified sulphuric acid, or such 
reagents as are difficult or expensive to procure, or dangerous to handle ; but confined himself 
to the task of ascertaining the power attainable from ordinary, or what are termed commercial, 
acids, which do not emit fumes aestructive to health. 

The rule for ascertaining the merits of any voltaic combination is this. Arranging any number 
of cells in series, ascertain the metallic resistance that can be comprised in the circuit which will 
permit one platinum wire to be fused. With the same number in series, ascertain the extent of 
circuit which will admit of two platinum wires placed side by side in the galvanometer being 
fused : and these two experimental results may be obtained in five minutes at any time in the 
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field as well as in the laboTatory, with instrumentB which should always aooompany the battery, 
by a single observation of each result with a probable error not exceeding two turns ; whilst by a 
repetition of observations, all appreciable error could, of course, be eliminated. In making these 
trials, it is not neceasary that the operator should have any knowledge of the metals or acids of 
which the voltaic arrangement is constituted. ^ The experiment will show him at once if the 
battery Ib to be trusted, and to what extent, and, if any disarrangement has occurred, how many 
cells to add to overcome the defect : indeed, the constancy and duration of the heat made apparent 
on the wire is at once an infallible and ready test of the value of the battery for explosive 
purposes. 

The demonstration is as follows : — Taking n cells in a batterv whose electro-motive force is E, 
and resistance of liquid L, suppose a metallic resistance tc to be the extreme that can be interposed 
and yet enable a force to circulate that will cause the platinum wire to be fused ; call this force F, 

then the equation stands F = — . Now, if the extreme metallic resistance, which we wiU 

fi JL + ic 

call w', is ascertained which admits two identical wires, placed side by side, to be fused, it is 
evident that the same force F must be passing along each wire at that moment, or a force of 2 F 
along both together ; and as the same quantity of elecMc fluid must be passing through every part 
of the circuit, the equation representing the conditions under which the battery is working will be 

expressed by 2 F s -. , — ; . Now, as the numerator in both these expre^ons is the same, for 

•I Ju T- tU 

in both experiments the same number of cells are used, the denominator in the last must be on^ 

« 10 ^ 2 w' 

half of that of the first, orn L + <«' = }(» L + tr) .*. L = . Thus the average resistance 

fi 

of n liquid strata, or n L can be obtained. The use of this value of L will be better understood 
when we come to consider the other numerical values in each case. 

Again, suppose we have two separate combinations of battery, say a Smee and a Grove 
arrangement, of which it is desired to determine the comparative value of the electro-motive 
forces : let the electro-motive force be E and E', liquid resistance L and L', and the quantity of 
metallic circuit that each will bear when n cells are combined, and yet permit the standard force, 
which we will in future call a force F, to circulate, be to and w'. Let the amounts ir and to' reouire 
an increase or diminution = a and a' of metallic resistance when a force F' is required to circulate. 
We then have in the first case, 

Bmbx. Qbotk. Sxzb. OaovK. 

= F = „ , . — ; , and m the second ^ . ; — = F = 



nh + w nL'-hic" nL + w±a nL'-|- w'± a* * 

then of course E : E' as the sums of the respective denominators in each case, but they are 
also as the differences of the denominators of their respective fractions, that is to say, as a to a', 

or E : E* : : a : o'. 

In all these observations the forces F and F' have been in the ratio of 2 to 1, to simplify the cal- 
culation ; and the equations under the conditions became 

12L4-wl2L-f-w±a • 

which being reduced, for the purpose of determining L or the liquid resistance, gave 
12 L = 10 — 2 (to ± a) : and on these principles Ward took the observations that follow, the num- 
ber of cells in series in all cases being twelve. 

With the Grove's having plates, i" x 4", of zinc, and platinum in action in each cell, 

1. The metallic resistance interposable for 12 cells, when one wire I q. ,0 ^ 7751 turns 

was fused .1 — tfj 

2. With two wires !". .! '.! !! !! !'. .. .. !! !. orw— a = 350J „ 

.-. 12 L = 775} ~ 701 =74*5 turns; the probable error in this value of 12 L, as calculated from 
the nature of the observations, is = 1 '7 turn ; that of 775) turns, similarly calculated, is equal to 
2 turns. 

The electro-motive force of this battery as compared with any other would be the difference of 
these two observations in each case, that is to say, the difference of the denominators of the equa- 
tions F and F, as before stated. In the present case this is 775) — 350) = 425, having a probable 
error of 1*6. 

The duration of the power of this battery, or its constancy, as it is called, is deserving of notice. 
The results just given show its energy about an hour after charging, at which time^ the porous 
cells being wqU saturated, it may be considered to have been at its maximum. Dunne the dav 
it was experimented with sufficiently to fire 300 charges, and at the end of seven hours the experi- 
ments above described were repeated in the same order. No. 1 gave 753^ turns ; No. 2, 332f , frcHn 
which 12 L = 88, and comparative value of E = 420). Thus the resistance of the liquid had, as 
regards itself, increased 18 per cent., and the electro-motive force 1 per cent. ; but the two tc^ther 
had reduced the available energy of the battery from 775) to 753), or not 3 per cent. This con- 
stancy is readily attainable by carefully amalgamating the zinc plates before charging, an operation 
occupying a few minutes ; ami it has been found on this as well as on other occasions that the bat- 
tory will continue sufficiently constant for all practical purposes for a period of twelve hours. The 
mall loss of power noticeable here is probably owing to the fact that it was always Ward's custom 
in charging the several batteries to mix the sulphuric acid and water immediately before filling 
the cells ; this, as is well known, raises the temperature of the mixtureabove that previously sen- 
sible in either of the liquids, and as the temperature is heightened the oonduetiiig power of the 
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Rolution Ib increased; but this power diminishes as the solution oools, which it gradually does. On 
the present occasion sulphuric acid and water, each at 40° Fahrenheit, when mixed in the propor- 
tion of one measure of acid to ei^ht of water, gave a resulting temperature of about 7(P, 

When this battery is in its full strength, the amount of resistance commanded by 12 cells, that 
is, the amount of metallic resistance which can be added to the circuit for each cell in series without 
diminishing the value of the circulating force below the standard necessary for fusion, is = 775}^ 
turns for the 12, or 64| for one cell ; but it will be remembered that the power of one cell in the 
large Grove did not exceed 66| turns, so that this small difference is the only loss a cell by 
reducing the battery. In respect to the gain, the quantity of nitric acid to charge each cell has 
been diminished from | to ^ of a pint, and the dilute sulphuric acid from 2f to |^ of a pint. These 
two alone diminish the cost of cnarging 10 cells from is. 9d, to 28. ; but as this acid lasts only 
12 hours, while the others are available for 24, the comparative cost should stand as 7<. 9d. to 4«. 
The weight of 10 cells of this battery when charged was only 27 lbs., while that of the large one 
was 168 lbs. The cost of construction was less than one-half, and the cubical contents less than ^. 
So that while but If per cent, of power a cell has been lost, the gain has been 50 per cent, in 
prime cost, the same in working, 600 per cent, in weight, and 700 per cent, in bulk. 

Referring back, let us substitute in the equation F = , the value of n = 12, n L = 74^, 

12 E B E 

and w = 775J, and we have F = ^ = ^^ "^ TOi' "^ ^^^^ '^^^ represents the 

utmost amount of resistance in standard measure that this principle of battery will bear a cell, 
without reducing the amount of circulating force below the force capable of fusing the thin wire, 

E 

that is the force F, and in which represents how this total resistance is apportioned 

between the liquid and metallic circuit, in this particular sized battery. But the same resulting 
force could be obtained by a battery working unaer jany of the following conditions, namely,-^ 

F- ^ -^ rn 

24| + 46 70f' ^ -■ 

^' =35A + 35A = 70-r ^^^ 

• or = ^ =A. [3] 

70f + 70J *■ -• 

The first of these can be produced by a diminution of the size of the plates from 4" x 4" of surface 
in action in each cell to 2"x 2"; and as this reduction of size would not diminish the power a cell 
30 percent., or from 64^ to 46, while it might reasonably be expected that the expense of charging, 
weight, bulk, and cost of battery would be diminished at least 100 per cent., this modified form is 
evidently preferable. 

No. 2 is, theoretically speaking, the most economical form under which any principle of battery 
can work for the circulation of the force required, which in this case is to fuse tne particuliur 
platinum wire that we have been using, that is, when the liquid resistance of each cell is equal to 
its available energy ; and in a Grove's combination the expression represents plates about 1*66 uu 
square in each cell. 

The third expression represents a battery working under such conditions that if 1000 cells were 
placed in series they woula not have the power of circulating the force F through a metallic circuit 
of 1ft. 

Theoretically speaking. No. 2 is the most economical form of battery; but other considerations 
forbid its adoption. To obtain the power, 35^ the cell indicated by the equation, each compart* 
ment must be carefully filled to the top, as failing to do this by a quarter of an inch would sensibly 
diminish the power a cell. Any deterioration in the strength of acid employed would have the 
same effect, and the whole quantity employed being so small, it would deteriorate soon after the 
battery was charged. It will be seen that the acids used in the Grove, of which the zinc surfaces 
in action were 4' x 4" in each cell, were available for but 12 hours, while that in the larger size 
was equally so for 24 hours. Reasoning from this, it could then hardly be expected that the small 
battery represented bv equation No. 2 would remain efficient for one hour, or work economically 
for one quarter of an hour. 

E 
One more condition of this •quation deserves notice, namely, F = . This cannot prac- 

tically be attained by any construction, for the liquid resistance must be an absolute quantitv ; but 
it shows the important fact that however large the plates of a Grove's combination, such as the one 
we have been considering, are made, the force F could not circulate if in each cell was developed 
resistance equivalent to 70| turns, while tvo cells 2" x 2" can bear a resistance more than equiJ to 
this, and yet circulate the required force with ease ; in other words, that for the circulation of the 
force we require two pairs of plates in series, each 2" x 2" in surface, which are more than equi- 
valent in force to one plate even a mile square. 

No. 1 arrangement having then been decided on as the best, a battery exactly similar to the 
former was made, but having zinc plates 2" x 1'' overlapping platinum. 2" x 2"; the former facing 
the latter on each side, and thus giving a surface of each metid 2" x 2" in action in each cempart- 
ment. This diminution in size permitted the zincs to be brought somewhat nearer ; and, instead 
of being | of an in. from the platmum, they were ^, 

The experiments Nos. 1 and 2 were made with this battery, giving the following results as the 
mean of eight observations of each : No. 1 = 571^ ; No. 2 = 162^ ; from which the comparative 
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Tftlne of E = 409/^ ftnd the resistanoe of 12 L = 245f : the probable error in each result being 1 '5. 
The diminution of the oomparative value of E from 425 to 409^ is attributable to the platinized 
platinum being used in the former case, while ordinary sheet platinum was employed in this, and 
not to a diminution of size, which does not influence E. . The sum of the resistances of the liquid 
in tweWe cells had increased from 74*5 to 245f. 

Now, remembering that the plates had been reduced to } the size, but had been brought nearer 
in the proportion of 5 to 6, calculation from the first result would give the second 

^ 7^-5 X 4 X 5 ^ 
. - g - 248^t 

whilst experiment gives 2454. Assuming the value of 12 L = 245| or L = 20 '47, and that of w = 
5714* E E E 

-jJi = 47-65 : the expre«iou F = ^-^-^ stand. jolT+TfteS = 68-12 ' *»^S *•* '''"" 
the platinum is not platinized a Grove will bear a resistance of but 68 turns of standard measure 
instead of nearly 71, as before, to each cell. 

Referring back to the largest Grove, namely, that with zinc plates 9" x 7" and platinum 6" x 6", 
we may consider the area of Uie mean section of the fluid on each side = 49}", and the plates being 
i of an in. apart, fttcing the platinum on each side, the value of 12 L in this battery by calculation 

74*5 X 16 
would be - — = 24 nearly, o^ about 2 turns a cell ; and as the available energy of the 

battery is 66} turns, the condition under which the largest Grove circulates a force F is numerically 

E E 

expressible thus ; F s = -— r , which, admitting experimental error, is the same expression 

2 + ODf 6of 

as that obtained from plates but 2" square ; thus showing that increasing the size of plates does not 

increase the electro-motive energy, that is the value of E, for the superior available energy of 66} 

turns in the large Grove is merely due to the diminished resistance. 

This principle has been established, both by Ohm's theory and experiments, and required no 
further demonstration, except to bring the consideration of it to special notice as materially affecting 
a part of the following inquiry. 

The batteries hitherto used, it will be borne in mind, were made with zinc plates overlappiwf 
the platinum plate, and facing it on each side. Thus the outer surface of the zincs was not directly 
opposed to any negative metfd. To ascertain if this portion did any work, Ward carefuUv covered 
with a thick coating of sealing-wax varnish the outer surfaces, so that it was impossible they could 
be acted on, and then tried on a subsequent day the variation of E for 12 cells, as compared with 
former experiments, but he found no diminution of power. To make sure that this was not owing 
to any peculiarly good acid used on that day, he removed the varnish from each plate and reinserted 
them in the same solutions. The battery was found somewhat diminished m power, but very 
slightly, not more than 2 per cent., though if the outer surfaces had been acting, it ought to have 
increased in power. This was probably owing to the longer time it had been in action. These 
trials evidently proved that no sensible power is obtained from the outer side of a plate, or from 
any other surfaces tbat do not directly oppose each other ; for had thero been 3 per cent, of increase 
it would certainly have made itself apparent. It is not at all surprising that it should be so ; for, 
referring to the principles of the action, the electro-motive force, that is, the affinity of the zinc 
and liquid for each other, depending on their nature, and not their ouantity, cannot oe increased ; 
the amount of electric fluid tney can supply is unlimited, and controlled solely by the resistance of 
the liquid to its transmission, this resistance varying directly as the distance between the plates ; 
and hence it seems in due course that the whole of the supply should be obtained from the parts 
where it can be so done with the greatest facility, namely, from those which are nearest to or directly 
opposing the platinum. 

The result, however, must not be confounded with, or supposed contrary to, those obtained 
when the zinc, being opposed on each side by a negative metal, the battery is found to exhibit 
g^ter energy than when the copper or platinum, or whatever the negative metal may be, is on one 
side only ; for here the zinc is directly opposed by a negative metal on both sides, and, of course, 
supplies electric fluid from each side, though the negative metal is, in this case, not working to 
the utmost advantage. The fact however made evident, to whatever cause attributable, was of 
great importance, as it admitted of the battery being much simplified, of dispensing with many 
binding-screws and of much unserviceable metfd, as well as of an economy of size and weight, and 
an increase of power, for the plates could now be brought nearer together. 

Adhering, then, to the same sized plates, a diminution of which seemed of no practical ad- 
vantage, a battery was constructed with plates of zinc and platinum welded together in the 
simple style that zinc and copper used to be arranged in, one of each pair being in a separate cell, 
and the platinum immersed in nitric acid being, of course, separated from the zinc of another 
couple immersed in dilute sulphuric aoid by tiie porous cell containing it and the nitric acid. A % 
battery so made permitted the plates to bie brought to an average distance of little more than 
^ of an in. from each other, and by the simple contrivance of a lid, every pair and every porous 
cell was kept in its place, and could be thus transmitted as ordinary baggage by rail, without 
extra packing or precaution. Fig. 1156 represents one of these batteries of six plates, and the 
oonn9cting metallic straps are so represented as to explain the manner in which several of these 
batteries may be combined together ; Fig. 1157 represents a single pair of plates. 

Six pairs of plates so arranged occupied a box not exceeding 7" x 4" x 4", substantially made 
for use in the field, including binding-screws and porous cells ; and the reason for this arrangement 
of six cells in one box will oe afterwards explaincNl. The result of the fusion of one and of two 
wires by twelve cells, or two box batteries of this arrangement, gave on one occasion. No. 1 =^ 651, 
and No. 2 s 240] ; from which 12 L = 169}, and the proportional value of E s 410}. 

2x2 
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On another ooeafiion, No. 1 gave 641, and No. 2 gave 230}, showing that the total resistance 
12 L was now = 179^, but that the value of E was unchanged ; the variation in the resistance being 
due to the time at 



1157. 



1158. 




of the liquid 
its strongest 



which the experi- 
ments were made, as 
the increase was pro- 
bably owing to a dif- 
ferent set of twelve 
having been used in 
each case. 

If we adopt the 
mean of these two, or 
12L = 174-5,L = 14J 
may fairly be taken to 
represent the resistance 
when the battery is in 
action, namely, for the first three hours 
after it is charged. Also the electro- 
motive force of a Grove battery nn- 
platinized may be represented by the 
numerical value 410, as on three sepa- 
rate occasions experiments have given it 
409^, 410^, and 410^, that of a platinized 
Grove being 425. 

To ascertain how much the power 
of this battery diminished when left 
charg^, the same experiments were re- 
peated after six hours, and No. 1 was 
then found = 484}, and No. 2 = lO^; 
giving E = 380, and 12 L = 275^. Thus 
the electro-motive force had diminished 7 per cent., and the liquid resistance had increased 35 per 
cent. These two circumstances combining, diminished the available energy of the battery a oeU 

646 4841 

= 53| to -^ = 40|, or about 25 per cent. 




from 



12 "• 12 

For the first two or three hours the conditions under which the force F circulates in the 

E E 

battery is expressed by F = ,.- . ,. = ■r;^--- , which expresses that each cell commands a resist- 

14} -h 54 d8^ 

ance, or has an available energy sufficient to overcome a resistance, equivalent to 54 turns of 

standard wire. At six hours after charging, this command had decreased to 40^ a cell, for the 

E E 

battery then worked under conditions expressed by F = ^^ = — ^-- . The denominators 

*0 -f" 40j DDf 

68} and 64} denoting the comparative strength of the electro-motive force at the two periods. 

This, then, is believed to be the most convenient form, size, and arrangement, for a Grove battery 

to 

intended for the explosion of powder ; for though on looking at the numerical value of L H it 

ft 

may seem that the size of the plates could yet be reduced, it must be borne in mind that, though 

E E 

a forces expressed by —■ — and -^^ are sufficient at their respective periods for fusing the 

platinum wire when in the galvanometer, a still greater force will be necessary for the same fusion 

when that wire is surrounded by powder. A small platinum wire, not exceeding *0056 of an in. 

in diameter, in contact with any substance, must be subject to a great abstraction of heat ; but 

how much this is Ward was not able accurately to detennine, thou^ supposing, as he believed to 

E E 

be the case, that about one-third is thus withdrawn, — and - - would more nearly represent the 

force required to circulate, under such circumstances, to produce fusion, giving 46 ^14), or 31^, 
and 42 — 23, or 19, as the available energy to each cell. Again, if a number of charges in a circuit 
are to be fired, a still greater amount of circulating force is desirable to ensure success, and over* 
come small differences in the lengths of the several platinum wires. Sometimes also a thicker 
platinum wire may be employed, which would require greater power to fuse. For all these 
reasons any further reduction is unadvisable. 

Having thus decided that the size, form, and arrangement just described were the most con- 
venient for a Grove batteiy, when required for the purposes of exploding powder. Ward pooeeded 
to ascertain what Increase of power he could obtain from it by using first concentrated mtrio add, 
specific gravity 1 * 500, and then a mixture of concentrated nitric and sulphuric acids, in equal pro- 
portions. 

With the former, No. 1 experiment gave 701. 
„ „ No. 2 „ „ 262. 

From which 12 L was found = 177, and the comparative value of E = 439 ; and he therefore 
concluded that concentrated nitric acid, used in place of the commercial acid, increases the electro- 
motive energy of the battery about 7 per cent., but has no infiuence on the resistance of the 
liquid. 

The mixture of concentrated nitric acid with sulphuric acid, in equal proportions, has for its 
objflct the strengthening of the former ; as the sulphuric aoid, from its powerful affinity for water, 
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withdraws that, which is essential for the preseiration of nitric acid in its liqnid state. A combi- 
nation of the sulphuric acid with the small quantity of water it finds disengages also a yery great 
amount of heat, and the mixture gives forth copious fumes of nitric acid, which are destructive to 
health ; the liquid at the same time in any but practised hands being dangerous to handle. It is 
desirable therefore that such a mixture should never be applied in the field, or be put into 
unskilful hands. Its effect in giving energy to the battery was however tried, and the result was 
that at fijTSt, while the acid was warm, it had the effect of reducing the resistance of the liquid, 
but gave no appreciable increase of electro-motive force. When the whole had fallen to the 
ordinary surrounding temperature, all extra power had vanished. The employment of concen- 
trated nitric acid alone gave an increase of electro-motive energy of but 7 per cent, to each cell above 
that when common acid was used. The price of the former is about three times that of the latter, 
and its fumes are deleterious, while the latter hardly emits any. Ward therefore considers it 
unnecessary to employ these extraordinary reagents in any case, especially when any< inferiority of 
power can be compensated by a proportional addition of cells. 

It may be as well, before leavmg the Grove principle, to show how much the original battery was 
susceptible of improvement for our particular object, and to do this our experimenter has arranged, 
side by side, the expenses of keeping each charged during 24 hours, so as to be able at any time 
during that period to fire one charge through conducting wires weighing about 250 grains a yard, 
at the distance of half a mile, assuming what his experiments lutve shown must oe about the 
truth, namely, that when allowance is o^e for the cooling effect of the powder, a power repre- 

E 

sented by -j^ will fire instantaneously one charge, with platinum wire )" long, and weighing 

1*66 grain a yard. 

Largp. Small 

Price of adds (used to charge) .. I7«. 6cf. .. .. Is.Gd, 

Weight of apparatus charg^ S86| lbs 86^ lbs. 

Size of apparatus 6 cub. ft | cub. ft. 

Cost of „ 46 guineas .. under 10/. 

The inouiry into the power of Grove's principle of voltaic combination has been given in some 
detail, to snow the mode of proceeding, and the conclusion to be drawn from experiment. 

Bearing in mind that the size of the plates has no influence on the electromotive force, and 
that any diminution of them makes itself apparent only by an increase of the resistance of the 
liquid reaction, it will be seen that it was easy to obtain the electro-motive eneigy of any 
particular arrangement, by simply altering the metals and exciting solutions. Thus, if cast iron 
was substituted for platinum, and experimental results 1 and 2 obtained, we have a complete 
knowledge of the electro-motive energy of one of McGallan*s batteries, and also its resistance whm 
made of that site. The former numerical result would stand true under any arrangement of cells 
and plates, and from the latter the liquid resistance of any arrangement could be deduced suffi- 
ciently near for all practical purposes. 

With Darnell's battery we have but to substitute copper for platinum, and sulphuric acid and 
copper, in the proportions recommended by Ward, for nitric acid, and we could obtain its power 
unaer every condition, and so on with any other combination. First, with respect to Daniell's 
arrangement, the metals were zinc and copper ; and the solutions dilute sulphuric acid, in the pro- 
portion of one of acid and eight of water for the zinc, and«a saturated solution of sulphate of copper 
in dilute sulphuric acid, of the same strength, with the copper ; the two ^lutlons being kept apart 
by a porous diaphragm, whilst the temperature and conditions under which the trials were made 
were similar to those to which Grove's principle had been subjected. 

The electro-motive force as compared with Grove's was as 235 to 410, though, as these results 
were somewhat hastily obtained, we do not submit them as wholly accurate ; and the resistance of 
the liquid of 12 cells 2" x 2" was 242| turns, Grove's having been found to have 174} at the first 
hour, and 275} at the end of six hours. 

Daniell's battery has the advantage of greater constancy, its liquid resistance, while the 
sulphate of copper is kept saturated, remaining the same at the same temperature. On the other 
hand, difference of temperature has considerable influence on the success of the battery, owing in 
a great measure to the variation of the resistance of the liquid ; the dilute acid at a high tempe- 
rature taking up more sulphate, which, as the mixture cools, crystallizes in the pores of the 
diaphragm, and thus increases the resistance and diminishes the energy of the battery. 

Ward did not test what difference is due to changes of temperature, for a Daniell's arrangement 
being more complicated than Grove's, it was but necessary to compare them under ordinaiy con- 
ditions of temperature to determine their relative merits in the field, where means for raising an 
artificial heat caxmot be generally accessible. 

Grove's battery is not so infiuenoed by changes of temperature ; that indicated by 50° Fahr. 
being in all cases sufficient, and superior to this can always be obtained by mixing the sulphuric 
acid and water just previous to charging the cells. 

A trial was made to form an idea what difference of power would result if a saturated solution 
of sulphate of copper in water was used in preference to the same in dilute sulphuric acid. The 
electro-motive force showed an increase of power throughout the day from 235 to 242 ; but the re- 
sistance of 12 cells 2" X 2" at the commencement was 605^, or nearly 2| as much as in the former 
case. The latter, however, diminished during the day, owmg to the more intimate mixture of the 
two solutions through porous cells, the battery consequently increasing in energy, and at the end 
of six hours it stood at 402 turns. 

The solution, as recoiomended bv Daniell eave the stronger enersy, the resistance of the 
liquid of 12 cells being about 248, lind the available energy the cell equal to about 19 turns. 

The condition, then, under which a battery having surfaces of zinc and copper 2" x 2" 
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in aotian at ^ of an in. apart, stands, is this : F = = -^^ ; and as here the Talne 

of L is greater than ir, it is evident that such a size of plates is disadvantageous for a Baniell's 
arrangement. 

The amount of negative metal in this battery is that comprised in a hollow cylinder of copper 
3J in. diameter, and varying in height according to the power desired. Suspended in the centoe is 
a zinc rod, that employeid at Chatham being | of an in. in diameter and 20 in. high. If, then, we 
take for the area of the mean section of the fluid the surface of a cylinder 20" liigH and l" dia- 
meter, being the mean of the diameters of the zinc and copper cylinders, we shall have a total 
area of nesrly 134 in., at a distance of V of an in. ; but it has been found above that a surface 
of 4" at a distance of about -j^ of an in. opposes a resistance of 20^, and hence a surface of 134 in. 
at a distance of. y of an in. would oppose a resistance of 2|, leaving an available energy = 
39^ - 2^ = 36f the cell, when porous earthenware is employed as the intervening diaphragm. 

Daniell, however, remarks that ox-eullet opposes less resistance than earthenware ; and if we 
assume the resistance to be diminished by this substitution to 1| turn the cell, it will be giving 
the battery every advantage ; and then the available energy to each cell will be 371 turns for firing 
the small platinum wire when placed in the galvanometer ; or allowing, as we did before, that one- 
third greater force is required to fuse it when in contact with powder, the available energy a cell 
will be reduced to 25 turns. 

Supposing, then, that the DanielPs battery, of the arrangement described by its author and the 
size above specified, is required to be applied to the explosion of a mine, its power the cell, as com- 
pared with the small Grove, would be about as 25 to 32, or 3 to 4 nearly. Now, the weight of 
10 cyliuders of Daniell*s battisry charged is 137 lbs., whereas 10 cells of Grove's do not weigh 8 lbs. : 
and further, the Daniell is much more complicated in its arrangement. 

McCallan's plan of substituting cast iron for platinum was tried. The electro-motive force 
seemed to be about the same as in the Grove's ; but as it seldom remained constant, owing to the 
dilution of the nitric acid and destruction of the Iron, it was not easy to determine it with accuracy. 
It oscillated between 408 and 413, that of Grove's being 410. The resistance also of the liquid 
being at the commencement the same as in the Grove's, it might seem that iron, being cheaper, 
could be advantageously substituted for platinum ; there are, however, some material objections 
to the substitution. The nitric acid destroys the iron during the whole period that the battery is 
kept charged, and the more so as the acid gets diluted, forming a solution of nitrate of iron in 
ni^c acid, and thus is every moment deteriorating its own power of absorbing hydrogen, the 
battery consequentlv falling in energy. The nitrate of iron also impregnates the porous cells ; and 
in dismantling the battery it is necessary to soak them for some hours in water, to be freonently 
changed, before permitting them to dry, otherwise the iron salt crystallizing in the cells will crack 
the earthenware. In addition to this, the action of the nitric acid on the iron is sometimes so great 
as to cause the acid to boil over, necessitating a rearrangement of cells. 

All this trouble and uncertainty is dispensed with by the use of platinum, whidi is uninfluenced 
by the acid ; and, though the first cost of a platinum battery is much greater, in the end it will be 
found both cheaper and more efficacious. 

The substitution of a saturated solution of nitre and sulphuric acid in equal proportion was 
tried with the battery of McCallan. This also is a most troublesome arrangement ; it is very 
inconstant, so much so, indeed, as to be quite unsuited for ciroulating energetic currents ; it is con- 
tinually boiling over, and however well it may answer for experimental researohes in a laboratory, 
it should never be trusted for the explosion of mines. Its electro-motive energy varies aoooiding 
to the amount of foroe required to ciroulate ; but for the quantity necessary to fuse the platinum 
wire it never exceeded | of Grove's, and onlv came up to that occasionallv. The object of this 
substitution of nitre for nitric acid is stated by McCallan to be economy ; but it has been shown 
that Grove's battery can be kept charged at a cost of -^ of a penny a cell an hour. 

If, however, nitre could have been trusted to excite a oattery, even in an inferior degree, its appli- 
cation would have been worthy of further inquiry, as it might sometimes happen in the field that the 
supply of nitric acid should fail ; but so long as gunpowder remained in store there could be no 
difficulty in obtaining a suitable solution of nitre, by simply boiling up powder and filtering it 
through blotting paper. The application of this ingredient however, as we have before said, gives 
very precarious and uncertain results, and should never be resorted to by any but those who have 
had long practical acquaintance with voltaic phenomena. 

We now come to another class of batteries, namely, those in which but one kind of solution is 
employed, the use and complication of porous cells bemg thus dispensed with. It was on this prin- 
ciple that the voltaic battery known by the name of Wollaston's battery was constructed. The 
defects in its mode of action, which have been explained in the first part of this paper, suggested 
the employment of either cast or wrought iron as a substitute for copper ; the rough surface thus 
presented to the evolving hydrogen favouring its escape. Subsequently Smee substituted plati- 
nized silver, that is, silver on which the black powder of platinum had been previously thrown 
down, thus presenting an infinity of small points to aid the escape of the gas. 

Probably for the circulation of currents of inferior energy, such as are suitable for electro- 
plating, the operation of a Smee may be perfect, and no obstniction occur by the detention of the 
gas ; but when a force necessary for fusing platinum wire is required, the quantity of gas gene- 
rated is by no means satisfactorily evolved. In fact, the battery, as it were, chokes itself by its 
own exertions ; and if three or four successive demands are made upon it in the course of a few 
seconds, its power of igniting platinum wire entirely disappears, — ^nor does it return till the oells 
have been allowed to rest, and thus set free the hydrogen. 

The battery from which these experimental results were obtained was identical in size and 
construction with the second-sized Grove before described, which was made similar to this for the 
purpose of ascertaining their comparative merits. 
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The electiD-motiTe foroe of Smee*8 battery, ascertained when it was acting nnder the most 
favourable conditions, was, as compared with Grove's, 116 to 410, and the resistance of the Hquid 
stratum of 12 cells = 35 ; that of a Grove of the same size having been found to be 74^. The 
available energy of 12 cells of this size = 197 turns. The equation then representing the condi- 
tion under which this principle of battery circulates a foroe F would be represented by 

'"3 + 16i 19V 

that is, each cell has a command over 16| turns of standard wire when a force sufficient for fusing 

£ 

platinum wire in the galvanometer is required ; and as ^ greater force = t^ is necessary for producing 

lu 

the same result when in contact with powder, the command would be diminished to about 10 turns 
a cell : a Grove of the same size commanding about 40 turns a cell ; and a Grove } the size 
about 30 turns a cell, which shows clearly at what expense (even supposing 8mee*s principle 
capable of being trusted for energetic action) we obtain simplicity of arrangement, and dispense 
with the use of a second acid. The size and form of the Smee with which the experiments were 
made are the most convenient if a Smee must be used for the explosion of powder, namely, a sur- 
face of metal = 4" x 4" in each cell. And yet three pairs of this are but equal to one of a Grove, 
whose cells are but } the size. 

As the Smee is superior in every way to the WoUaston and to the zinc and iron battery men- 
tioned above, it was of no use to examine the' respective merits of the two latter forms of voltaic 
apparatus. One form of batterv, however, remains to be examined, namely, that of Dalgleish. 
Its principle of action has been before noticed. It consists of an arrangement of 12 platinum cups 
^ of an in. diameter and 2" deep, over which are suspended, attached to a bar, 12 cylinders of zinc 
{" in diameter. The battery is charged very readily by putting into each cup 4 of an ounce of nitric 
acid. At the moment voltaic action is required, a pressure of the hand on the bar immerses each 
zinc in its own cup to a depth of 1| in., and at ttie same time completes the usual connections, 
causing an immediate and ^hergetio action. The withdrawal of the hand allows the zinc to be 
removed from destruction by the elastic bands. 

The electro-motive force of this battery as compared with Grove's, using the same nitric acid 
in each, was as 344 to 410, and the resistance of the liquid stratum of 12 cells = 66 turns, or 5} 
turns a cell. The available energy of 12 cells = 622 turns or 514 a cell. The equation then 

representing the circulation of a force F stood F = = ^r: i from which it will be seen 

5t "T" 5 I'll- 57-^ 

that while this battery is but little inferior to Grove's in electro-motive energy, it has an advan- 
tage over it. in that its liquid stratum opposes much less resistance in proportion to its section, 
this being due to the absence of Grove's diaphragms. 

Also in looking at the value of L as compared with tp, it seems as if this battery could be 
advantageously reduced in size. The mechanical arrangements of the battery, which are some- 
what complicated, seem crowded even now into as small a space as they can well be put with 
safety ; and any diminution of cells that could be made would sensiblv increase the portability of 
the mittery, as the zinc and platinum comprise but a small part of the actual bulk. The small 
resistance of liquid in each cell is partly obtained by the extreme contiguity of the zinc cylinders 
to the inner surface of the platinum cups, the distance being but ^ of an in., and partly to the 
absence of porous cells. The successive wear and tear of the zinc will tend to increase the value 
of L, and diminish to. The advantages, then, of the Dalgleish principle aro the simplicity gained 
by the use of only one acid, thus dispensing with the necessity for porous cells, ana the extreme 
readiness with which it can be charged for action ; it is, however, more complicated than Grove's 
in its mechanical arrangements, which require skilled labour of a higher degree than could gene- 
rally be mot with in the field to effect repairs. It is also more liable to be damaged by carelessness 
or accident, as it presents more assailable points. 

The power of each battery, taken in conducting wire of 250 grains a yd., which, for reasons 
presently to be given, we have taken as the best conducting medium for general service, would 
enable one charge to be fired very readily at a distance of 250 yds., or in a cirouit of 500 ; and if 
the requirement of a battery were limited to this, we should, where rough handling was not to 
be expected, prefer Dalgleish's battery to Grove's; but on service we presume far greater cireuits 
will occasionally require to be overcome ; if, for instance, a mine has to be exploded at a distance 
of half a mile, about 38 or 40 cells of each would be required to be placed in series, and then 
the arrangement of elastic bands and of the development of electric excitement by pressure of the 
hand becomes somewhat troublesome. The Grove is also more perfect in its chemical action, as 
the hvdrogen set free by the decomposition of the water lb immediatelv absorbed by the nitric acid ; 
and the consequence is that as soon as the cirouit is completed we obtain the whole power of the 
battery. In Dalgleish's arrangement the power visibly increases after the immersion of the zincs, 
probably owing in part to the heat occasioned by the intense action of the nitric acid on the zinc. 
This property of the battery is detrimental to firing a number of charges simultaneously in a cir- 
cuit, and can only be overcome by immersing the zinc cylinders first, and then making connection 
with the poles. These points will present themselves with greater foroe to anyone operating with 
the two batteries than they can be expected to do in any description on paper. • 

The actual cost of constructing the two descriptions of batteries will depend in a great measure 
on the price of the platinum, which is by far the heaviest item in each. Grove's battery hitherto, 
to save expense, has been made with platinum foil. Ward, however, prefers employing sheet 
platinum, of about 120 to 130 oz. to the superficial ft., for the negative. Whether foil or sheet platinum 
is used makes no apparent difference in the energy of the combination ; but aa.the.fonner is liabla 
to tear, it would in the end be no economy to use it. 
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The appiozimate estimate of the cost of 12 cells of each desoriptioii of OroreV battery, and 
that of Dalgleish's, is as follows : — 

Platinumrfoil Battery. — } oz. of platinum foil, cells, troughs, zincs, and fittings, 8/. 2». 8d, 

Skeet-phtintan Batten/, — 3*63 oz. platinum, cells, and so on, 71, 2s, 

Dalglei8h*8 Battery.— ^9' 96 oz. platinum, i oz. pure gold, zincs, castings, and fittings, 17/. lOs. 

Comparing the two Grove's, though the second is more than twice the cost of the first, it will 
prove more economical on service, when it is considered that 5/. worth nearly of material out 
of 71. 2s. worth, is, with ordinary care, absolutely indestructible. Dalgleish's battery cannot cost 
less than 17/. 10s. for 12 cells, the arrangements requiring also more than ordinary skilled labour 
to complete. Assuming, then, the Grove's sheet-platinum battery to be on the whole more econo- 
mical, its cost a cell, as compared with Dalgleish's, is about 1 to 2|. The cubical space which they 
respectively occupy is as follows : — 

12 cells of Grove's (in two box batteries) = 14" x 4" x 4" = 224 inches. 
„ Dalgleish's = Hi" x 4" X 7*" = 345 „ 

Their comparative weights when empty are. Grove's 8 lbs., Dalgleish's 10^ lbs. ; the latter, how- 
ever, would not require two-thirds of the weight of acid to be carried with it on service, and that 
only of one description ; and though these differences may appear insignificant, they will not seem 
so when the quantitv of available energy required in the field comes to be considered. 

Assuming, as a basis of comparison, that it would be desirable to have always a power avail- 
able for firing one charge at the distance of half a mile, through the conducting medium and with 
the bursting charge which has been selected ; and also that the same number of spare cells should 
be kept at hand to replace those fractured or undergoing repair ; the following statements will 
show the approximate cost, weight, bulk, and other particulars in each case : — 

QfiOVE'd. DALOLSISH'flk 

Cost of construction of batteries .. 51/. .. .. 110/. 

Weight of batteries 54 lbs 70 lbs. 

Bulk of „ 1400 cub. in 2300 cub. in. 

We call attention to the extreme ingenuity displayed in the arrangements adopted by Dalgleish, 
to carry out his principle for producing voltaic action, as, for example, in the ready method of 
withdrawing the zinc cylinders from the attack of a most destructive acid, and in the plan 
of meJcing the connection of the several cells, which is most original, and cannot be done justice 
to by any description. He combines metals and acids, so as to produce a high degree of voltaic 
energy by a mode that may be considered perfect ; and though, on the whole, his battery, as sub- 
mitted, is not so perfect in its voltaic action as Grove's, is more sensible to rough tLsage, and for 
these as well as the other reasons stated, not so applicable to operations in the field, yet it so 
surpasses the batteries of every other principle, as to entitle the inventor to special thanks for the 
successful application of a principle which it has never before been considered possible to turn to 
account. 

To close the inquiry into the motive power, the following, as far as experiments made with 
some haste tend to prove, are the comparative electro-motive forces of the several principles Ward 
examined: — 

Grove, 410; Daniell, 235; Smee, 116; McCallan, 410; Dalgleish, 344. 

The zinc, iron, and nitric-acid battery is that intended by McCallan's. 
Or, if we take E to represent the absolute electro-motive energy of Smee's, 

3*54 E = Grove's; 2 E = DanieU's ; 3*54 E = McCallan's; 2*98 E = Dalgleish's. 

E 

Now, the mechanical equivalent for producing fusion in Smee's was found to be -^^r- , from 

which the several expressions for the other batteries may be deduced. 

Omductinfj Wires. — With respect to the conducting wires, two factors are concerned in the 
power of resistance of any one length to the circulation of the current, namely, the metal of which 
it Ib composed, and the area of the section ; the resistance varying directly as the specific resist- 
ance of the metal, and inversely as the sectional area. 

Copper, it has long since been decided, is the metal whose specific resistance, where economy 
is taken into account, is the least ; and it only remained to decide the area of the section, or the 
diameter of wire to be used. 

Now, considering that by increasing the number of plates in series we are able to overcome any 
amount of resistance, it is as well to reduce the diameter of the conducting medium till the value 
of the copper wire destroyed (some portion must always be expended in an explosion) is reduced 
to a comparatively insignificant quantity, that is to say, such as would about balance the destruc- 
tion of zinc and consumption of acid necessary to overcome the resistance consequent on a still 
further diminution. 

The Gutta-peroha Company supplied copper wire covered with gutta-percha, at prices from 
9/. to 21/. a mile, the difference being due solely to the greater or less quantity of gutta-peroha 
covering, and not at all to the weight of copper furnished. The thickest of these averaged about 
250 grains a yard, the smallest about 160 grains. As the former was, of course, the superior 
conductor, was equally portable, and of no greater expense than the smaller size, it may be the 
best size for a conducting medium. It is about ^ of an in. diameter. 

This sized wire when covered with* gutta-percha is very fiexible, and can be easily coiled on a 
reel ; two miles in length would easily pack in a cubic yaid : its conducting power roughly stated 
is such that 11 yd. of it would be equivalent in resistance to one turn of the rheostat wiro, and 
making this allowance, the measures before stated can be easily reduced to corresponding lengths 
in this wire. 
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The degree of coyering required to ensnre perfect action depends on the nature of the ex- 
plosion required ; if an explosion Ib to be made under water, when only one wire is required for 
completing the circuit, the most perfect covering is desirable, and the cost of the wire so covered 
would be 21/. a mile ; but for any explosion on land, where a return wire is always necessary, tlut 
sold at 9/., 10/., and 11/. a mile is sufficiently isolated, especially if the wires leading to the mine 
are not buried under the ground, or, if buried, kept as far apart as possible. In no case would we 
recommend lapping the wires, leading to and returning from the mine, side by side, as has 
hitherto generally been done, for whatever advantage the practice may possess, the chances of 
failure in consequence are many. If, for instance, in burying it the spade by chance should lay 
bare the surface of one, it would probably also do the same with the other wire ; or, again, ^ 
from extraordinary heat the gutta-percha should get soft, which it will do at a temperature 
of about 16(P Fahr., a twist in the rope may bring the two wires to^^ther, and the covering 
afterwards hardening would prevent their separation; and, above all, if a fracture should take 
place it would be very difficult to find on which wire and whereabouts it had occurred. 

Outta-percha is the best covering for the conducting medium, as it is the only means by which 
perfect isolation can be obtained under every circumstance. 

Bursting Charges, — There are two descriptions of bursting charges before the scientific world, 
one of which has been long in use, and in ^niich a thin platinum wire, forming part of the circuit, 
is brought to such a heat as to ignite the surrounding powder; and another, the invention of 
Mr. Brunton. The company with whom this gentleman was connected had been in the habit 
of what is familiarly called vtdcanizing the gutta-percha which covered the wire, to render 
it pliable even in the coldest temperature, and this fed to the discovery of the fuze in question. 
By the vulcanizing process, sulphur and carbon become incorporated with the g^tta-percha in a 
manner, so to speak, almost chemically perfect. These two act on the enclosed copper wire, and 
in process of time produce on its surface a species of sulphide, portions of which, when the wire is 
witndrawn, remain adhering to the inner surface of the gutta-percha covering. This inner 
surface, which before was simply gutta-percha, and therefore a non-conductor, has now a feeble 
power of conduction given to it by means of the minute particles of sulphide of copper and carbon. 
The conducting power is however very feeble, and seemingly in no two portions the same ; but 
whatever the amount of resistance mav be, if it can be overcome sufficiently to circulate such a 
force as will ignite the sulphur and carbon, the desired effect is obtained. 

That the degree of heat, or what is generally termed quantity, required for this need not be 
anything approaching to that for fusing a platinum wire, may be easily conceived, if we compare 
platinum, which no amount of heat from a smith's forge will melt, and the elements sulphur and 
carbon, which are combustible at moderate temperatiures ; ^et that the degree of resistuice they 
offer to the passage of the current must be great, may be judged, when it is stated that 48 cells, 
and even more sometimes, of Grove's reduc^ batterv are required to inflame them close to the 
battery. These same 48 cells would explode a mine, by means of the platinum fuze, at a distance 
of f of a mile very readily. 

In order, however, to cause any sensible current to pass through these sulphides, it is necessary 
to close all other channels of communication, that is, to break the oirouit of the copper wires ; 
then, with a sufficiency of power to overcome the resistance, a combustion with powder in contact 
will produce the desired explosion ; and on this principle the bursting charse is made, a part of 
the copper cirenit being broken and the sulphuret surrounding that part being laid bare and 
covered with powder. 

Here, then, we have two modes of igniting powder at a distance, namely, by the fusion of 
platinum wire, and by the combustion of a compound which seemingly is a sulphuret of carbon 
and copper ; in the former, the medium being metallic, and, therefore, a good conductor, requires 
at the same time a high degree of heat to fuse it; while in the latter, the sulphide, though 
opposing a very great resistance to the flow of the current, ignites even when a considerably less 
quantity is actually passihg. 

Now, bearing this in mind, and also Ohm's theory or law regulating the circulation of divided 
currents, namely, that the quantity flowing by each of two or more portions simultaneously is in 
the inverse ratio of the resistance of each, the following characteristics of these two descriptions 
of bursting charges, which have been practically ascertamed, will be easily Understood : — 

1. To fire a platinum bursting charge, a return wire, where water cannot be made available, is 
always necessary, for Ward found that the resistance of ^ of an in. thickness of ordinarily moist 
earth substituted for it could not be overcome by 48 pairs of Grove's, which would fire the same 
charge at the distance of { of a mile, or through a circuit of 1^ mile of copper wire of No. 14 
gauge ; and this shows that the substitution of earth for metallic wire increases the resistance so 
much as to diminish the quantity cireulating to such an extent that the necessary heating effect 
is not produced. 

2. Whatever number of cells — ^roughly spes,)dng, for of course it cannot be accurately true— it is 
found necessary to arrange in series to produce ignition in Brunton's fuze at the distance of 1 ft. 
will produce the same effect through a copper-wire cireuit of 1 mile ; and an addition of about 
one-fourth that number will permit of one-half this copper cirouit being replaced by ordinarily^ 
moist earth. 

These two results show that the absolute resistance of this fuze is so great that the addition of 

a mile of copper wire or a large quantity of earth effects no material diminution in the quantity 

actually cireulating ; that is, if E = the electro-motive force, r the resistance of the fuze, and B 

E E 

that of the sum of all the other resistances in the cirouit, then — is very nearly = — — ^ . 

3. The same number of cells in series of a battery furnished by the Gutta-peroha Works Company, 
that would ignite Brunton's fuze at the distance of It mile, did not produce any visible heat in the 
platinum wire of the other bursting charges at the distance of 1 ft. ; and this will be easily under- 
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itood from what has been said before, for if, by increasing the resistance of the liquid stratum L 

we make F = -=r- represent a force generated by one plate, which is not capable of heating 

n B 
platinum wire, anV number of such cells in series will not heat that wire, as F = — =^- — must 

n L + tc 

E E 

be less than -:=- . At the same time if the force required to circulate be less than F = -=- 

or = F', and L remain constant, the combination of cells in series will have the effect of diminishing 
to, and ultimately of producing the required force F'. 

From this we also learn tl^t the force required to circulate for the ignition of Brunton's fuze 
is considerably less than that for the platinum bursting charge, and this is still more apparent when 
we find, as we do, that it does not produce any sensible heat in the platinum wire, mucn less fuse it. 

The battery that gave these results was one that was supplied by the Gutta-percha Company 
as the best then known for igniting these fuzes. It was a common zinc and copper arrangement, 
each pair 4" x 4", and each compartment filled up with sand moistened with acid. 100 plates 
were required to ignite a fuze with certainty, and even 300 would not produce a sensible heat on 
platinum wire ; and this is due to the amount of resistance offered by tne intervening stratum, in 
this case composed of sand and dilute acid : but as sand is no conductor, the only reason for its 
use is that it enables the batteries to be carried about without spilling the acid. The average 
resistance of the stratum of sand, supposing it to have been entirely moistened b^ dilute acid, 
when a force F was circulating, was found = about 12 '8 turns at the distance at whioh the plates 
stood, and the available force a cell =^6*7 turns, making the equation representing its action 

£ £ 

^ ~ io.Q_i_g.T ~ ToTk' ^y *^® employment of sand, certainly not one-fourth the quantity of 

xZ'o "T" o' T 19*0 

liquid can be used, consequently the resistance L must be increased at least fourfold, or = 51*22, 
which renders it impossible that the force, which we have called F, can circulate, in any such 
arrangement. The use of sand also prevents the evolution of the hydrogen, and so reacts in con- 
trolling the electro-motive force. These figures, however, are not given as strictly correct. 

4. It is easy, then, to see that the diameter and description of metallic conducting medium for 
the platinum charge are matters of material consequence, and its standard resistance should in all 
cases be known ; but with Brunton's fuze it is of no consideration to know it, and in this respect 
Brunton's fuze presents singular advantages. 

5. The isolation of the conducting medium to Brunton's fuze must be absoiittely perfeetj whether 
the explosion is to take place on land or in water ; with the platinum-wire charge it need not be 
so in either. The abrasion of the covering may be so small as hardly to be discovered by the eye, 
and yet it will be sufficient, if in contact with the earth, to cut off the circuit almost entirely from 
the bursting charge. From Olim's law for divided circuits tliis is easily accounted for. The 
resistance of the fuze being by far the most considerable one in the whole circuit, any way by 
which the current can return to the battery, without passing through the charge, will be taken 
advantage of for that purpose, by just so much the greater portion of the galvanic excitement 
generated. 

When we consider the chances of a covering like gutta-percha — and this is the only covering 
that is known, which can be employed in practice, and at the same time give perfect isolation — 
being cut by a flint or by a workman's spade while being buried, and know that however minute 
the cut no jwwer of battery will be able to overcome the obstacle it forms, or make up for the loss 
of fluid it occasions, the necessity for adopting some efficacious protection over the gutta-percha, 
before the mode of firing by Brunton's fuze can be successfully applied in military operations, will 
be admitted. 

That this perfect isolation is not necessary for the platinum- wire fuze is well known, as, even 
in water, the loss occasioned by a bare wire can be overcome by extra power of battery. The 
reason is obvious ; the resistance in the bursting charge is metallic, and consequently much less 
than a liquid resistance. The conducting power of iron, which is certainly not superior to that of 
platinum, is estimated to be to that of water as 400,000,000 to 1, and, therefore, even supposing 
the proportion of copper surface exposed, on the wire leading to and returning from the platinum 
bursting charges, to be in this proportion to the area of platinum wire, 4f their surfaces were 
brought to within a distance of | of an in. of each other, which they never would be in practice, 
only one-half the quantity of the electric fluid would be cut off from the bursting charge ; and if 
to the distance of 1 ft. apart, not -J^ part of the force would be arrested in its passage through the 
platinum wire. As anything approaching this amount of abrasion can never occur, with ordinary 
care, in practice, no fear of a failure from a diversion of the currents need be entertained. 

The wire leading to the bursting charge having been attached to the two ends of the secondary 
coil, a few plates of a Grove's battery circulated a sufficient current through the primary wires. 
The usual contrivance of a temporary magnet, for making a breaking contact, was employed for 
obtaining intermittent sparks in the fuze. 

With this helix, and four plates of Grove's battery 4" x 4", it was easy to explode a bursting 
charge at the distance of 1300 yds. from the operator, the return circuit being made thnmgh the earth. 
It was but necessary to leave one of the wires of the bursting charge in contact with the earth, the 
other being attached to the wire loiding to the voltaic arrangement, with which it was connected. 
A wire from the other end of the secondarv coil led to the earth, which, if touched, was sufficient 
to explode the charge. There is no doubt that this helix arrangement greatly simplifies the 
apparatus required for the explosion of these charges, for without it about 120 cells are required 
to produce with certainty the same explosion. The fact that a return wire for completing the 
circuit may be dispensed vrith is a great recommendation for the adoption of this fuze ; though at 
the same time it must i)e remembered that perfectly dry earth will resist the flow of any current. 
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In a bucket full of dried sand Ward pnt two plates of copper, 1 ft. B(|uare, at a distance of 1 in. 
apart, and the whole power he could apply could not overcome the resistance interposed. 

With respect to firing a number of charges simultaneously with each of these fuzes, the 
platinum charge, as may be supposed, has the advantage, for on account of the great resistance 
added to the circuit, where a second gutta-percha fuze is introduced, the force before circulating 
is materially diminished, and can only be brought up to the original strength by a great addition 
of power. The practice Ward had with this fuze was not sufficiently extensive to give him confi- 
dence in its application to simultaneous firing ; but, to state what has been done, 120 plates of the 
sand battery before mentioned, or 10 batteries of 12 each, fired one charge well through a circuit 
of five miles of copper conducting medium, about No. 16 gauge ; 96 did the same feebly ; 72 could 
not fire it: 216 plates were required, roughly speaking, to fire two placed in the same eircuit; 
216 fired three in a circuit of one mile ; 36U fired six ; and 480 fired eight in the same circuit. 

These experiments were made in Brunton's presence, the wires being under water in the 
canal basin ; but it should be remembered that the whole of the circuit was not metallic, a few 
yards of the return portion being through earth and water, which however, when compared with 
the great extent of wire, may be considered to have no sensible influence on the result. From 
them it will be seen that these fiizes are capable of being exploded simultaneously when placed 
in a circuit ; but it requires more practice to aetermine if they can be so trusted, and it is apparent 
that each additional one requires a large addition of cells. With the platinum-wire fuze, an 
addition of two plates for every charge inserted is all that is necessary to establish the circulation 
of the required force. The platinum charge possesses a great advantage over the gutta-percha 
fuze, in that its resistance being metallic is uniform, while that of the gnitta-percha depends upon 
the degree of action that has taken place on the copper wire, and especially on the extent of 
Bulphuret circuit ; for its resistance is so great that an additional length of one-eighth of an inch 
causes a great diminution of force in circulation. This last circumstance, combined with the 
degree of Hction that has taken place, tend to make the resistance so variable, that sometimes 
12 plates have been able to ignite a fuze : it is not safe to apply less than 100 plates of the sand 
battery. With the platinum charge two plates are always suflicient to overcome the resistance. 
The gutta-percha fuzes are also liable to deteriorate by exposure to the air, sulphate of copper 
forming where the sulphides were, and the fuze losing in consequence its inflammable properties. 
Several modes have been tried of making these fuzes; some requiring six months to mature, 
and others only half an hour ; but the respective sorts seemingly present this property, that the 
sooner they come to maturity the easier tney deteriorate. Both descriptions of fuze have their 
peculiar advantages. The one may be issued ready made, as an article of store, and the other 
would sometimes turn to account in an emergency in the field, when the store supply had been 
exhausted. In fact, the range of inquiry with respect to this description of fuze is very extensive, 
and well worthy of pursuit. It may be apprehended that such enormous distances will not be 
necessary in the field : as thu cost of the return metallic circuit can be made up by a less expendi- 
ture of gutta-percha in procuring isolation ; as the resistance of any wire employed can be ascer- 
tained with sufficient accuracy and hardly any labour in a few minutes ; and, as we shall show, the 
power required for any proposed explosions, simultaneous or otherwise, can be calculated with far 
more correctness and oonfiaence than, with respect to the gutta-percha fuze, it is as yet possible 
to do; and, above all, as the casualties that ordinarily attend the laying out and burying of the 
conducting medium will have no sensible efiect on the platinum fuze, while they have a most 
important one on the other, it seems right to conclude that, as far as our experienoe goes^ the 
platinum fuze possesses greater recommendations for use in military engineering. 

Having thus decided on the most suitable battery, conducting medium, and bursting charge, it 
remains yet to point out the rule for calculating the number of cells necessary for exploding any 
arrangement of charges with them, and at anv distances that may be required. The length of 
the platinum wire of the bursting charge will, of course, influence the resistance of that part 
of the circuit. From practice, it h&a been found that a wire | of an in. long gives sufficient heat, 
with the least expenditure of power; and it therefore seems desirable to use that length, as it is as 
well to adopt some one length, whatever it may be. A length of 4 of an in., weighing 1 *65 grain 
a yard, offers a resistance of nearly 61 turns of standard wire, whicn is equivalent to about 90 yds. 
of the selected copper conducting medium, weighing 250 gprains a yard ; and any extra length 
employed must be allowed for in the same ratio. 

Keferring back to the equations representing the working of the reduced Grove's battery, it 

will be seen that F = -7-r is assumed as the mechanical expression representing that each cell of 

46 

the battery, in fair working order, may be subjected to a controlling resistance equal to 46 turns 

G 
of standard wire, and yet will fuse the platinum wire in the midst of powder; and that -^ - 

represents the conditions of fusion when no powder surrounds the wire ; but as it is the rule for 

the explosion of powder which we have now to consider, the expression — most concerns us, and 

this expression for the power in strong action, that is, during the first two or three hours, is 

G 

represented by where 14} is the average liquid resistance a cell, and 31^ is the energy 

14f -r 31} 

available for overcoming the metallic resistance. 

Roughly speaking, 1^ yd. of the established conducting medium of 250 grains a vard is 

equivalent in resistance to one turn of the rheostat, therefore the available energy to a cell would 

be equal to about 46 yds. of the conducting medium ; and the resistance of a platinum wire ^ of 

an in. long, and 1*65 grain a yard, being 60 turns, would be eaual to, say, 100 yds. of the wire. 

For firing a mine at any distance when the battery is in gooa work, we have then this simple 
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n^e : — Take the whole circuit in yards, including distance up and down shafts, add to it 100 yds. 
for every charge in the circuit, and divide by 4^ for the number of cells. This is the rule that 
theory points out ; it will not be advisable to draw it so fine in practice, but our object at present 
is to show the principle which regulates the calculation. 

G £ 

Again, when the battery has been six hours in action, -— - and --^rr- are shown to be the 

42 63^ 

mechanical expressions representing the resistance which each cell has the power of bringing 

under control whilst circulating a force sufficient to fuse the wire in and out of powder. Taking 

E 

-j^ , which concerns us most at this moment, we find by referring back that 23 of the 42 turns are 

consumed by the liquid resistance of each cell, and only 19 a cell are left to overcome metallic 

resistance, in fact -^ being = . These 19, expressed in turns of the established con- 

ducting medium, = 28| yds. a cell. Having now therefore but 28^ yds. of available energy a cell, 
instoEia of 46, the rule for calculating explosion must be modified as follows : — Take the whole 
circuit as before in yards, add to it 100 vds. for every charge placed in the circuit, and divide by 
28| for the number of cells, and it will be seen that these two rules give widely different results ; 
as, for instance, if a mine were required to be fired at a distance of half a mile, the former would 
give 41 cells and the latter 66 cells as requisite. 

If at any time an economical use of cells is of consequence, it is desirable to have a ready 
mode of ascertaining what condition the battery is in ; for it matters not what that may be, 
provided we can ascertain it, and apply the proper rule. Fortunately there is a very ready mode 
of ascertaining with sufficient exactness the power of any arrangement of cells in series at any 
moment, and of determining the number of cells necessary at any period between the first charging 

£ 

and six hours after. We have, for instance, seen that when the battery is in good action -—-- is 

the force necessary for firing one platinum wire placed in the galvanometer, that double this toroe 

E E 

or vrr ^^ ^ required to fuse two side by side ; similarly, a force represented by — is required 

V V "V 

for firing three, -^^ for four, -— -- for five, -ytt ^^^ "^ wires, and so on ; these results all depending 

17 lof 11-j 

on the figure 68^ which at this period represents the electro-motive eneigy of the battery in turns 

of standutl wire. 

Whatever may be the number of wires that can be fused side by side, the resistance of the 

liquid stratum cannot be affected by it ; and while the electro-motive force a cell remains at 68^ 

the fact of being able to fuse any number of wires side by side shows that the resibtance of the 

liquid stratum cannot be so much as the denominator of the fraction representing the force 

required for such fusion. For instance, if five wires can be fused side by side, the resistance 

E 

of the liquid cannot = 13}, for if it did, the force -r^rr- would be exactly balanced by the resist- 

ance, and could not circulate ; if six, it cannot equal 11^. Having thus ascertained that five wires 

E 
can be fused, and not six, it would be quite safe to call L = 13|, and as -r^ represents the force 

necessary for fusion in powder, it is perfectly certain that at that moment the available energy 
a cell for an explosion, in turns of standard wire, cannot be less than 46 — J3} = 32-j^ turns = 
48 yds. of selected medium. Similarly, if but four wires can be fused, it will be perfectly safe to 
allow 44 yds. of selected medium a cell ; or if but three, 35 yds. a cell, the resistance of the liquid 
at this period approaching 23 turns. 

At the end of the day of six hours it has been seen that the electro-motive force has fallen in 
the proportion of 68| to 63. And the available energy a cell will be reduced as follows : if four 
Mrires fuse and not five, to 39 yds. ; and further, if three wires fuse and not four, to 32 yds. ; and 
it would not be possible to fuse five wires, with electric energy at 63, at any intervening period, 
but an allowance of 1^ per cent, an hour for the diminution of the electro-motive force wUl give 
the available energv a cell at that time. 

This detail has been given to show the principle of the rule and its amount of accuracy, but in 
practice the whole may be combined into this simple one. Previous to firing a mine, when all 
the plates* are arranged and connected, insert five wires in the slits of the galvanometer, and place 
the whole series on to fuse it. In all oases it is desirable to put on the whoie number of cells you 
intend applying to the explosion required, as by this means you obtain a practical proof of what 
that combination,* with all the errors the manipulator may have committed in arranging the 
battery, is able to perform; and you must take care not to touch the connection of the battery after 
you are satisfied as to the power it presents for your use. If a fusion takes place, allow 44 yds. of 
circuit for every cell ; and if the number of cells employed do by calculation cover the range, 
reckoning the charge as 100 yds., you may feel confident in the explosion taking place as soon as 
the connection is made — if there are not sufficient cells, add one for every 44 yds. over. If only 
four wires fuse, allow 39 yds. a cell ; if only three, 32 yds. 

The trial should be made with all the cells that it is proposed to use, and if any are subse- 
quently added it should be repeated; for the more cells tnere are in combination, the more 
accurate is the result. The advantage of the trial is that the result immediately points out any 
mistake that has been made in charging the cells, or in arranging them, and also if that mistake 
is of any material consequence ; and it may be assumed that the same series of tiiis size of plates 
that will fuse five wires side by side, will as surely command a circuit of 44 yds. for every c^. 
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It is ousiomary preyioua to an explosion to test the wire circuit by a galvanometer needle, to 
ascertain if the circuit is entire ; but it seems to me equally necessary to test the power of the 
battery. The test explained does not require two minutes to apply, and infallibly points out 
the available force at that moment. 

As the diameter of the conducting medium ia of great importance, as well as its specific resist- 
ance, it is fortunate that the rheostat, by a mode essentially practical, enables us readily to 
determine the absolute conducting power of any diameter or description of wire. The mode of 
doing this has been explained before, and need not now be repeated ; it will be sufficient to say 
that the probable error of a single observation with Grove's battery does not exceed 1^ per cent, 
(for which an allowance can always be made on the safe side), and that any one accustomed to 
use the instrument could in an hour ascertain the resistance of any platinum wire that may be 
obtained on the spot, or of two or throe miles of conducting medium, as well as every particular 
concerning the battery, so as to be able to apply them with certainty to explode any arrangement 
of charges that may oe desired. 

However, it is essential that every portion of conducting wire issued on service should be proved 
first. Let there be one description of wire kept at the depdt, which should weigh, for the sake of 
accuracy, somewhere near 250 grains a yd., and be covered with gutta-peroha ; but beyond that 
no precaution is necessary, nor is it essential to know the precise diameter or weight of it. A 
rheostat rated^ so to speak, from this standard should be supplied to each branch dep6t or head- 
quarters, and batteries and wires similarly rated should be also funushed in quantities sufficient 
to meet the probable requiroments. 

Thus if any portion of the supplies for voltaic purposes should fall short, if the expenditure of 
all the platinum wiro should ronaer it requisite to employ fine iron wire, if it should be necessary 
to use a diiferont conducting medium in the place of the established one, or a different battery of 
differont acids, or, in fact, if any alteration should be rendered imperative from local ciroumstances, 
we shall have a ready mode of calculating the allowance to be made in consequence of the sub- 
stitutions ; and, above all, we shall have the power of comparing practice in different parts of the 
world, and of estimating accurately the merits of any new combinations, by a report of the experi- 
ments of half a day. 

The task of perfecting the details of these arrangements must necessarily devolve on those who 
may be directed to continue this inquiry, as the operator merely touches on the advantages that 
may be attained through careful attention. 

Simultaneous Firing. — It may be necessary to say a few words on the simultaneous firing of a 

number of charges or mines by one battery, and point how theory guides us to a just conclusion as 

to the number of plates necessary for any number under any arrangement. Beasoning, then, from 

the results obtained from Grove's battery, we have found, 

E ' 

1st. That a force represented by ~ is required to ciroulate, in order to produce an explosion 

of one bursting charge made with platinum wire } of an in. long, and weighing about 1 *65 grain 
per yd. 

2nd. It is also admitted that when any force ciroulates in the manner that a voltaic electric 
force does, the quantity passing at any one time in all parts of the cirouit is the same, but that the 
heat developed at particular parts depends on the quality of the metal, its diameter, and conducti- 
bility. If, then, we place in the cirouit any number of short platinum wires, identicd in weight 

and length, and cause a force — to ciroulate through it, we are led to expect that they will all 

fuse at the same instant, and if they do so, the explosion will also be simultaneous. Now, in order 
to cause such a force to ciroulate, it is only necessary that cells should be added capable of over- 
coming the resistance added by introducing each charge, or cells equivalent to 90 yds. of selected 
conducting medium ; that is, when the battery is strong, two cells a chaise, and at other times 
three cells a charge. This theory, if practically applicable, is productive of great economy both 
in cells and wire ; for supposing twelve charges to be exploded simultaneously at the distance of 
one-seventh of a mile, or m a cirouit of half a mile, by the rule before given, when the battery is in 
strong condition 44 cells would do the work easily with an expenditure of but half a mile of con- 
ducting medium ; whereas if each had to be fired by a separate battery, we should require 22 cells 
and half a mile of wire for each charge, making in all six miles of wires and 264 cells. 

At the close of the latter day Ward arranged twenty charges in a cirouit of 800 yds., and 
endeavoured to fire them by 48 of Grove's small cells, when only fifteen exploded. Twenty charges, 
it will be seen by the rule given, were more than the battery of 48 cells could bear ; for, allowing 
one cell for each 46 yds. of cirouit (17), and two for every charge (2 x 20), would give 57 cells as 
necessary : but, as be had not that number, 48 

were tried, and failed. In practice it is always ^^^^ 

best to be on the safe side of the rule, and even 
to add a dozen cells to the estimated quantity to 
make sure. 

Such is the imperfect practice which Ward 
had with the smaller description of platinum wire 
in the bursting charge. We will presently sketch 
out the rules for guidance in making future triaJs ; 
but we first notice the following mode of simul- 
taneous firing, which has been Wore greatly re- 
commended for its safety. 

Supposing B, Fig. 1158, to be the battery, and C, O. C, G. 0., five mines to be fired. At a con- 
venient distance from B two meroury cups M M, should be placed, a wire from each mine leading 
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to each cap, and a pair of wires from the cups to the battery. This mode of arrangement has the 

advantage of connecting each mine directly with the battery, and making its explosion independent 

of any error that may have occurred in any of the other mines. So far it has great advantages^ 

' and we also save five pairs of wires, which would have been required to cover the five distances, 

B Gf, B O^ &c., and it only remains to determine, by reference to the preceding investigati<m, what 

power of battery is necessary to explode the five simultaneously. 

As it is evident that the battery B must, when the distances Cj M, C,M«, &c., are all equal, 

circulate the same amount of force through each of the bursting charges G, G, G, G4 G,, and as each 

platinum wire must be brought to a state of fusion in surrounding powder, tne force to fuse all, or 

E 
that flowing along B M and M, B, must be five times that for fusing one. Kow -^ in standard 

E 
measure is assumed as a representation of the force for fusing one wire in powder, therefore 7;—, or 

E 
say -^, will be that leqniied finr fusing all. With the reduced Orove arranged in Beriea no moft- 

ber of cells could circulate this force : because, as before stated, the liquid resistance is more than 
9, or = 14^ ; and it then follows that, unless we can reduce this resistance L, we cannot, with the 
Grove in question, explode these five charges simultaneously. 

There is, however, the following ready mode of reducing the amount of this resistance. Imagine 
a current of electricity flowing through 4t circuit of wire B G D, the parts of which B G, G D, and 
D B, Fig. 1159, being identical in all respects, will oppose an equal resistance for equal portions to 
the circulation of the current. Now let the portion G D be increased to double the size, or, what is 
the same thing, along that portion of the circuit let another wire identical with G D be placed, 
carrying the electric fluid from G to D concurrently with G D, and the effect will be that the resist- 
ance of the length G D of the circuit will be reduced to one-half, or, if a third wire be added, it 
' will be reduced to one-third, and so on. 

1169. 1160. 

H 1^ 

15 Id 




Now, altering this disposition of the circuit, let us imagine one battery B, Fig. 1160, say of 12 
cells, ciroulating a current B G D as before, having another, identical in all respects, placed along- 
side of it, the two zincs being connected, as also the two platinums, and the current ciroulating in 
the direction Z P D G. Banishing for a moment from the mind the idea that the electricity is 
being generated there, which ciroumstance cannot affect the reasoning, it will be seen that if the 
resistance of 12 cells before was 12 L, the resistance by this new arrangement of this part of the 
circuit has been reduced to 6 L ; or imagining the two batteries B and B, each of 12 cells, to be now 
one battery, the resistance of the 12 cells of this new machine is now but one-half of what it was 
in the old one ; and if a third battery was put alongside, the resistance of the combination would 
be 4 L, and so on. We can therefore make a battery, without any more trouble than that of altering 
the modes of connection, which shall give a resistance of liquid of any degree we please: and there- 
fore we can oiroidate with economy any amount of force, or in fact form a battery suitable for any 
purpose. 

In the case we have taken, we require to ciroulate an amount of force expressed by -^ in stan- 

dard measure, where R = L + u' = 9. The most economical mode, theoretically speaking, to cir- 
culate this is to make a battery in which L = 4^, leaving 4^ of standard measure for each cdl's 
available energy; but, on practical considerations before noticed, L should be somewhat less 
than to. 

The resistance of each cell of the Grove battery adoped has been shown to be about 144. Now, 

14*5 
five batteries arranged abreast will reduce this to —^ , say S, leaving 9 — 3 = 6 turns = 9 yds. 

of adopted conducting medium as the available energy a cell ; and if in the case before us we sup- 
pose the distance MB to be one quarter of a mile = 440 yds., and the distances M G„ M G^ and 
so on, each = 100 yds., the mode of calculating the number of cells to produce instantaneous explo- 
sion of these five thus arranged would be : drouit M G, M, including platinum fuze = 200 + 90, 

290 
then the resistanoe of five concurrently would be -r- = 58 ; to this add 440 x 2 (= 880), 

o 

giving 938, and dividing by 9 yds., the available energy a cell, will give 104 cells for the number 

in combination five deep in series, or 104 x 5 = 520 cells in all. 

Now, by the other mode of simultaneous firing, a much less number of cells will be necessary : 
any one of these charges could have been fired by an arrangement of 80 cells with ease, and as 
many more introduced into the cirouit at the rate of two or at most three additional cells for each 
charge. 

The reason for this immense difference in the number of cells necessary in the two modes is 
that, in the case where all the platinum wires are placed in one cirouit, it is not necessary to 
increase the amount of ciroulating force, because the quantity fiowing through one charge helps 
to raise the heat of all ; but in the latter arran^ment it is necessary to supply heat sufficient 
to melt five platinum wires, of one thickness, simultaneously; and as they share the electric 
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tsuirent efltablished between them^ five times the amount of force is necessary. If, then, an equation 

E 

= F represents a battery in which L + «<' are economically arranged to produce a force F, 



L + w 
then 



E li 

= 5 F represents a disposition for fusing five such wires. Now — it has been shown 

L w 5 



5+5 



to 



can only be produced by placing five cells abreast, and as — , representing the available energy of a 

u 

cell, is only one-fifth of what it was before, it requires that five times as many should be arranged 

in series, end on, to otercome any given resistance. 

These are the only two principles of firing simultaneously that are practised, for the following 

arrangement is but a modification of the second mode, as will be apparent, and the same mode of 

calculation applies to it. We have, by the second arrangement, a mode of exploding any number 

of charges simultaneously, and from the arrangement itself it is evident that a failure cannot 

take place, for each cbeirge will be quite independent of the others. At the same time it is very 

doubtful if any economy is secured by this arrangement. Supposing B M C|, in Fig. 1158, to to 

540 
540 yds. as before, -;;^ + 2 gives 26 cells as quite sufficient for exploding that one mine, and 

23 

therefore 26 X 5 = ISO cells would be enough to explode all five simultaneously, if each charge 

had a pair of wires leading to B. Now, to economize four pairs of wires along M B, or to save the 

trouble of laying out two miles of wire, we are obliged to employ 520 — 150 = 870 extra cells ; 

and it becomes a matter for consideration whether the extra expenditure of trouble and acid, at 

the source of supply, does not more than counterbalance the laoour of arranging the wires. In 

fact, the first principle of simultaneous firing, namely, that of placing all charts in one circuit, is 

the only economical mode, and that it reauires but a knowledge of the principles which we have 

endeavoured to make clear, without any nnesslng in practical details, to ensure success with it on 

every occasion. The great cause of failures in simultaneous explosion has been the want of 

sufficient power ; and if any one will take the trouble to examine, on the principle of Ohm*s 

theory, the statistics of recorded failures, they will see that they all thus occurred from a manifest 

want of power ; so that instead of disappointment at their want of success, they will wonder how 

they ever succeeded. 

It has genially been the habit, as a matter of precaution, to solder two wires side by side in a 

bursting charge, in case one should break ; would any one unacquainted with Ohm's theory 

imagine that if a battery, economically constructed for fusing one wire, were used to fuse two side 

by side, it would not be able to produce even visible heat in either of the two, or, in fact, that it 

wdttld require four times as many cells (arranged as explained before) to fuse these two wires ? 

yet sometimes three or four have been so placed. Occasionally two charges are placed thus, 

C, C„ Fig. 1161, in one powder-box, each (0, and C,) having two platinum wires. If a battery 

were economically constructed to fuse one such wire, it would require nearly sixteen times as many 

cells to fuse the four. 

1162. 
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Suppose, again, Fig. 1162, that a number of charges are arranged in a circuit thus, each with 
two precautionary vrires, and that while the battery is powerful enough to fuse the double wires 
all round, one of the two wires in one charge (C|) is broKen by some mishap : it is then rendered 
positively certain that, however strong the battery power may be, this (C,) will be the only charge 
which will explode, for the one wire left in it will fuse before the other pairs will arrive at any 
visible heat. Ohm's theory explains the cause, and points to this as the certain result. 

A^in, the conducting wire hitherto used for explosion has been generally -i of an in. thick, 
and the platinum wire in the bursting charge sometimes 1^ iu. long : now, can it oe supposed that 
it was generally known that the intn^uction of one such bursting charge in the above circuit was 
equivalent to adding 1200 yds. of the thick conducting medium, or that an equivalent to this 
resistance in cells was ever added to compensate for the diminution of force? 

These, and many other extraordinary results depending on the principles regulating the 
circulation of a voltaic current, have given this agent the character of extreme mutability and 
uncertainty, which it does not deserve, as they were the consequence of an imperfect knowledge 
of those principles. 

From what, then, has been shown above, as the result of the use of a second platinum wire in 
the bursting charge, it will be apparent that Ward condemns its application ; since in firing 
charges simultaneously in a circuit it is worse than useless, and is inaeed ruinous in its effect. 
The precaution being resorted to, implies a belief that in case of a single fracture in any one 
charge, a second wire is at hand to complete the circuit and ensure an explosion of all ; but the 
reverse is the case, as has been shown ; and the second wire, the first bemg fractured, ensures 
that this charge is the only one which will explode : and yet the usual testing of the circuit bv a 
galvanometer needle, previous to connecting with the battery, will delude one with the hope that 
all is right ; whereas, if only one wire had been used in each charge, the fracture would have been 
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made apparent at once by the breaking of the circuit, and thus a warning given to repair. In no 
case should we attempt to place more than pne platinum wire in a bursting charge, and that 
charge should be only connected with a pair of oonducting wires leading to the surface or end of 
the tamping : place a second charge, if it is thought desirable ; and before finally connecting eith^ 
of them with the wires intended to lead to the battery, test each by the galvanometer to see if the 
circuit to that point is complete, and then connect only one of them to the main wires leadmg to 
the place from which the mine is to be fired. 

It will be seen that for whatever purpose voltaic agency may be required, and whatever 
principle we adopt to circulate the amount of current required, there is a certain size of plates 
which will do it to the best advantage, depending on the mechanical equivalent representing the 
value of that force. In the present case tne force required was found to be best produced by a 
Grove's arrangement of the size submitted. When a Smee was tried, though from its simplicity 
it was preferable to a Grove, it was found that it choked itself, as it were, in its endeavours to 
circulate the amount required, and consequently its circulation was not constant and not suitable 
for our purpose ; at the same time its electro-motive energy being low, more bulk was necessary 
for producing any effect. Daniell's battery certainly circulated a constant force of the degree 
required ; but it was inferior in electro-motive energy to Grove's, and, being at the same time more 
complicated, was rejected, and so with the others. 

We have shown that the simultaneous explosion of any number of charges of powder can be 
obtained, if we can at the required moment establish the fiow of such a constant current of electricity 
as shall produce a fusion heat in every platinum wire placed in the circuit. 

It isulvantageoua, however, that this circulation should be produced with the utmost eoonomv, 

consistent with certainty ; and we have shown that the economical consideration is theoretically 

satisfied when (E representing the electro-motive enersy of the combination, L the resistance of 

the liquid, to that of the wire, n the number of pUtee, ana F the required amount of current) in the 

n E V) 

equation F = — , n L = t&, or L = r — ; but that practically, for reasons given, L should be 

nij-jrW ft 

w to 

somewhat less than — , the expression — representing the available energy to each cell of 

fi 11 

the voltaic oombination. 

Now, the battery submitted has been oonstruoted to satisfy these conditions, with the platinum 

wire which Ward recommends. But it will be evident that any alteration in the amount of 

eunent required to circulate would reouire a corresponding modification of the battery. For 

instance, if a platinum wire double the thickness of that recommended were substituted, more heat 

would be required to fuse it, and therefore a greater current must be caused to circulate. This 

n £ 
can only be brought about in the equation F = — , where E and L are constant, as they are 

n 1j -{• to 

in any determined form and principle of battery, by a diminution of to ; and if this diminution 
reduces tr in value below n L, the amount of current required is no longer economically circulated. 
Nor can it be so till the value of L is also reduced, the principal moie of effecting which is by 
enlarging the size of the plates. The diameter of the platinum wire is therefore an essential con- 
sideration in determining the size of the plates in any voltaic arrangement to produce its fusion, 
as veiT small differences in the diameter of the platinum wire will lead to gross errors in calcula- 
ting tne ntunber of cells necessary for an explosion, and uniform success can never be o*btained in 
the field if the platinum wire has not been carefully selected, and tested as hereafter suggested 
before its issue from store. 

The length of the platinum wire employed in the bursting charge is not a matter of the same 
importance, as a battery of the same sized plates can economically circulate the force required 
through any length of platinum wire. For it mnst be borne in mind that by adding lengths of 
wire we do not call on the battery to circulate a greater anu>unt of force^ but merely to overcome a 
greater resistance to the circulation of the same amount, which can readUy be d(me by increasing 

the number of plates in series. For if in the equation F = — = we increase to to v + a, 

» Li + to 

and so diminish the value of F, we can immediately restore the equation to its former value by 

n a 
adding cells = , and the force F will circulate as economically through a resistance w + a 

by the combination expressed by y ^^—^ as it did in the first case through w by 

ln + jL-hto + a 

the combination of n cells. 

It is thus quite open to any futuro operator with the battery submitted, to introduce any 
lengths of platmum wiro into his bursting charge, merely remembering to employ the thickness 
recommended, namely, 1 '65 grain a yard ; though f of an in. is sufficiently long for all purposes, 
and possesses the advantage of less liability to fracture than greater lengths. 

With respect to the copper conducting medium, that weighing 250 grains a yard, cohered with 
gutta-peroha, is recommended ; but it is not essential that any particular metal should be employed, 
or that the wiro should be of any particular weight, as we have described a ready mode of asoer^ 
taining the resistance, in standard measure, of any material of any length. 

Mining Operations for Blowing Dowtn the Cliff near Seaford, on the Coast of Sussex^ 1850 : hy Major- 
Qeneral John F, Burgoyne. — Along the coast of Sussex the banks of shingle affoid protection to 
the rich low lands within them from the encroachments of the sea. 

The shingle, however, is in a gradual but irregular state of movement from west to east, and 
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«t timM ft gKti impreaeion It mode on particular ports, tbnt would lead to mnoh damage, if trat 
•matad by piojectioua of timber and plaaMng, between high and low water marks, termed 
groins. These groiiiB are vary eipenuTa, aod their lueful effects extend bnt for a short distance. 

Willitm Catt, whose family have oonsiderablo poaseestons in the plain between Newbaven and 
Seaford, a distanco of about three miles, conaidered that by constructing a very substantial groin 
oa a large scale under the cliff near Seoibrd, which is at the east extremity of the plain above 
mention^, and the foot of wbidi cliff was washed by the sea at high water, and thus sloping 
the progrew of the shingle, it would IiaTs some influenoa in proteotmg the whole extent of tha 
bea<m to Newbayen. 

He also considered that the most efficient, lasting, and economical mode of establishing such * 
projecting obstruction would be by throwing down Uie cliffy which was nearly perpendicular, and 
about 200 ft higli, on to the beoah, bj a great explosion of gunpowder. 

In the main feature of the application of the two great chaises, there was no difference in 
prineiple between them and the three, though there were koob in the proposed modes for carrjlng 
it out, as will be snbsequentlf explained. 

The plan finally adopted wai to lodge two large charges, each of 12,000 lbs. of powder, 120 (L 
asunder, with lines of least reaistanoe ofTO ft. to the face, and 98 n. above the level of the foot of 
the cliff. 

Five smaller charges, of 600 lbs. each, were to be placed in rear. Figs. 1103 to 1168, at a higher 
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level, to clear that part tnm overhanging remains ; and the whole to be fired by voltaic batteries, 
the two main charges first and simtlltaneonsly, and the five smaller ones immediately after. lu 
consequence nf not receiving in lime a supplementary demand of gunpowder, only three of the 
■mailer charges were loaded. 
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The circuit of the wires coDDected to the two great chargee wiu completed at the batteriea, 
and on the tmtaut the ignition of both took pisce, throwing down the face of the cliff for a length 
of 500 ft., and to the rear 15 or 20 ft. beyond the five Bbafti, so aa to bring; down and bvry the 
three upper chargea uufired, cuicks and fisBurcs extending aeail; to the ahed io which the batteries 

Figs. 11G9 to 1174 show the resall of the explosion of these two mines ; and on the sections 
is Hbo described the eSM produced b; the action of the sea npon the mound formed b; the tall 
of the cliff. 



StctiOD through Centn Lint of Gallery. 
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Section tlaag Wc>t Lioa of Imt RauUscc 



Section through Eaat Line of lout Rsiituce. 




Section tiirough L at right anglet to Lina of Uut liesiatanct. 




Stctidi through M nght iingli 



Ths projection of the mannd, u first thrown out, wm abniit 300 ft. 

The maw throim down, accordini; to dimensinna taken the dnj nftei the exploeion, w*i about 
200,000 cub. yds., nr 292,000 toni ncarl;, at 121 lb*. th« cub. ft., which wu found by actual trial 
to be the specific gravity of the chalk. 
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3tiniitg Opemtions at Sea/ord. — Tha opening mode in the face of the ol[{r for ths or 
of the central gallery, bj which both the cliamberB were reached, wag 35 ft. above the Mgh-mler 
muk (ordinary apring tides), which at this spot was the level of the bench at tbe b«w of the 
cliff. It was oammcnced from a rough stage snpportoil hj scaffold poles, and reached bj a comiDon 
ladder, the stage being necossar; in consequenoe of the impossibititf of making any impreeaioa on 
the face of the cliff by men working on the ladder itself. The cliff is composed of a very compact 
chalfc, 121 lbs, to the cub. ft., dipping to the north at an inoliuatton of about 15° and intersected 
by veins of flint at intervals of about 15 or 20 ft. Its height was at the site of the weBtem mine 
203 ft., and at the other 225^ ft., above high-water mark. Tho section at the first of these spots 
was nearly vertical : for the whole height at the second it was only so for about 140 or 150 ft. A 
mound of chalk, that had fallen a few days before just at the spot, afforded, when levelled on the 
top, a base H or 15 ft. above the beach, on which to erect the scaffolding. As soon as the men 
had penetrated a sufficient distance into the cliff to be able to work in security, the scaffolding was 
sh^ngthened, and a convenient platform with ||;j^ 



a step-ladder constrocted for uso during tho 
remainder of the operations. Fig. 1166. To 
this scaffolding was also fixed a crane-post 
and derrick capable of lifting nearly half a ^ 
ton, by meanH of which the sand-bags and 
chalk nsed for tamping were raised to the 
month of the gallery by a crab on the lop of 
the moaud. Beo Figs. 1175 to 1177. 

At the entrance, a cave of the dimensions 
shown hy Fig. 1176 was formed, for the pur- < 
pose of keeping all tools and materials out 
of the way of tho men working at the gallery, 
and this spuce subsequently proved of the 
greatest service, as a depot for the powder, 
sand-baga, and ohalk, before thoy,could bo 
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passed along the gallery and branches. Similar advantage was found from a recess, Fig. 1176, at 
the end of the central ^llery, formed by its prolougatioQ, onginallj as the mode of arriving 
at the spot where a third service of 2000 lbs. was proposed, which was afterwards considerEd 
unnecessary, and the further advancement of the gallery stopped The use made of these two 
depots fully compensated for the cost of their excavation, tiiough, had the rock been of a hard 
nature, smaller spaces, particularly with refcreoce to the upper recess, would hare answered the 
purpose, and would have been advisable on the score of economy. 

The men employed driving (he gallery and branches worked in reliefs for the whole 24 hours. 
For the gallery, three reliefs of four men each were told off; and subsequently for the branches 
three reliefs of six men for the two, which were carried on for the moat part simultaneously. Tho 
bonis for relieving were 6 a.m., noon, S e.u., and midaight, excepting at periods when the high 
spring tides prevented tho relief passing a projecting part of the cliff at the proper hours, when 
atiangemcDla were made to equalise the extra time the men were consequently employed. The 
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work was hardly oyer interrupted between 6 a.m. on the Monday and 6 p.m. on Saturday. By 
oompelling each relief to be in barracks six hours before their turn came for work, the men were 
always fresh at the commencement of their time ; and as the working pay was good, and the best 
miners were thus employed, the ayerage amount of work performed by night fully equalled that 
by day. 

The dimensions of the entrance gallery are given in Figs. 1176, 1177. The content was 
47} cub. yds. ; the rate of progress about 16 cub. yds. in the 2i hours. 

The main gallery of the section given in Fig. 1178 had an area of 27 superficial ft., so that each 
lineal foot gave 1 cub. yd. of excavation. The average rate of progress was 8 lineal ft., equal to 
8 cub. yds., in the 24 hours. 

The branches, of the dimensions given in Fig. 1179, had a section of about 12^ superficial ft. ; 
the rate of progress of the two was at first about 16 ft. = 7*4 cub. yds. in the 24 hours, six men, 
as before stated, being employed in each relief, instead of four, as in the gallery ; but as the dis- 
tance from the entrance increased, this rate was not maintained, the latter portions averaging little 
more than 13 ft. in the 24 hours. 



Entrance chamber 

Main 

Brant 



L gallery- 
cues .. 



47i 
61i 
55 



Cable yantab 



164 



Number of 

Hand! 
employed. 



(Xjetper 
cubic yurd. 



Average number 
of Men in the 
three Relief*. 



440 



28. id. 



12 to 18 



From the foregoing data, the general rate of progress of the works mentioned above may be 
assumed at 9 cub. yds. in the 24 hours, by five men constantly employed day and night. 

In comparing the progress of the gallery and branches, it appears that the former advanced 
at the rate of 8 ft. in the 24 hours, and each of the latter, tnough less than one-half the area, at an 
average rate of only about 7^ ft. in the same time. The increased distance of the branches from 
the entrance would partly account for this difierence ; but it is, in a great measure, to be attributed 
to the slow progress made by miners when working to a disadvantage in a very confined space. 
Had these branches been 5 ft. 6 in. high and 3 ft. 6 in. or 4 ft. broad, it is probable that they would 
have been completed in rather less time than was occupied by the smaller size adopted, particu- 
larly as no gunpowder was used ; the subsequent tamping would, however, have been proportionally 
increased. 

The chambers for the two lower mines were cubical, the side of the cube being 7 ft. 2 in., and 
giving a content for the two of 27 cub. yds.. Fig. 11^. The time occupied in their excavation, 
and in squaring their floors and sides to receive the ioists and uprights to support the rough 
planking with which they were lined, was about 138 hours, making the rate of progress only 
4 cub. yds. in the 24 hours. 

The five shafts sunk for the five mines of 600 lbs. each, intended to have been fired simul- 
taneously, directly after the ignition of the lower mines, were each 40 ft. deep, and of the section 
shown in Fig. 1180 having an ascent of about 19 superficial ft. The total con- 
tent of the five was about 140 cub. yds. ^^^' 

Three men were generally employed upon each shaft. The stuff brought up jt^^Z. ^ ^*^' 
was piled round the mouth of the shaft, ready for* tamping, and no gunpowder ^^^!^ 
was used, the chalk being of a much softer character than in the gallery, and 
not intenected in the same manner with flint. The task set to each gang of 
three men for the greater part of the work was 2 ft. 6 in. for every 6 hours. The 
average rate of progress for the first three shafts was 3 ft. 7 in., equal to nearly 
2( cub. yds. a day. The two last shafts, which were only decided upon within a few days of the 
explosion, were carried on during the night by reliefs. Their progress in the 24 hours was nearly 
6 ft. = about 4J cub. yds. each shaft. 

The returns at the bottom of the shafts, and the chambers for the powder, were as shown in 
Fig. 1181. The difficulty of working in so confined a space, and the trouble 
of squaring the returns accurately so as to admit the Doxes containing the 
powder, were the causes of great increase in the expense. 

The directions of the gallery and branches were laid out by a theodolite, with 
reference to a line assumed as parallel to that joining the centres of the two 
charges, fixed during the previous survey of the ground, and the inclination of 
their fioors was tested by a mason's level, the miners being provided with a 
rough level adjusted to the required slope, to direct them during the progress 
of the work. 

The tools used in the main gallery were the common miner's pick, and a large 
shovel, for which, in the branches, a mining shovel, 2 ft. 3 in. long over all, 
was substituted. Wheelbarrows were found more manageable in the gallery 
than miners' trucks, which, owing to the very great inclination at which the floor was driven 
(1 in 8), were very difficult to hold back when descending the slope filled with chalk, and to draw 
them up empty. In the branches, which had a rise of 1 in 9 to 1 in 10, trucks were always used ; 
the recess at the end of the gallery, already alluded to, being found very useful for turning them 
and for keeping tools out of their road. 

Ventilation, — The air was so pure in the whole of the galleries, and even in the chambers, that, 
excepting when the miners were actually at work and the candles burning, no artificial ventilation 
was reqiured ; had any quantity of carbonic acid gas been present, it would, owing to the steep 
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inclination of the main gallery, have flowed outwards along the floor towards the entrance, and its 
place have been supplied by a stream of fresh air along the roof of the gallery. In the branches 
this effect would have been much lessened, from their more gradual rise ; and in the chambers, 
which were sunk below the level of the floor of the contiguous branches, the heavy gas would 
have settled immediately ; but in this instance the air on the floor of the chambers appeared as pure 
and light as at the entrance. The air-pump by which the ventilation was efiected had been 
used for exhausting the foul air at the bottom of a deep well sunk in the neighbourhood of 
Brighton; and, by mounting it upon a rough stand, it was made available in the gallery and 
branches. The tube, secured to the wall about 3 ft. above the floor, was, for the whole length of 
the gallerv, part of the old wooden pipe that belonged to the air-pump ; but in the branches, gutta- 
percha tubes, of 2f in. diameter and -^ of an in. thick, were made use of. 

By adding length after length to these, as required, the hot impure air breathed by the minefs 
at work was drawn off by the air-pump, which, m fact, was all the ventilation needed. Had the 
air become foul as the miners advanced into the cliff', this air-pump would not have been sufficiently 
powerful for the purpose ; to be prepared for which contingency, arrangements were made for tlM 
use of a blowing apparatus from a foundry at Brighton, which, however, was never required. 

The gutta-percha tubes weighed about 3^ oz. a foot run. 

Lighting the GcUleries and Chambers, — During the progress of the gallery and branches, the 
miners worked by the light of candles, in the accustomed manner ; but to avoid any risk of acci- 
dent from the use of lamps during the operation of loading the mines, fixing the bursting charges, 
and laying and securing the copper wires leading from them, a contrivance was resorted to for 
lighting the chambers by reflection from plates of bright tin tacked upon deal frames, which plan 
was previously tried and found to answer perfectly during their excavation. This method ori- 
ginated in a suggestion of Colonel Lewis, founded upon a mode he had practised of obtaining light 
in a magazine, by reflection from the painted copper door of the building. A board of about 4 ft. 
square was first covered with bright sheets of tin, and fixed at an angle of 45° with the direction of 
the centre line of the main gallery, at the spot where the branches turned off nearly at right 
angles. The light thus first obtained by refiection from the white chalk was very feeble, and hardly 
perceptible near the extremity of the branches, excepting at one short intervid in the day when 
the sun was nearly in the line of the gallery, and its scattered rays were reflected from the sea 
(particularly when calm) up the slope ; and the smaller reflector was then placed just outside 
the mouth of the gallery, in such a position as to catch obliquely the first rays of the sun that the 
overhanging cliff allowed to visit the spot, which was between 10 and 11 a.m., from which hour 
till sunset, by occasionally moving the outer reflector and adjusting it like a heliostat, to throw 
the direct rays it had attracted upon the set of plates at the upper end of the main gallery, a bril- 
liant light was reflected along the branches and into the chambers, where the smallest and most 
indistinct writing was as legible as it would have been in broad daylight. Had the operations 
extended over a longer space of time, this*outer reflector would have been flxed in a frame, and 
means contrived to render the adjustments in any way required more easy ; but, for the short period 
it was needed, a rough plank to support it, and two or three sand-bags to retain it in the required 
position, were found sufficient. 

Loading the Mines. — The 
lowest rate at which the Battle 
quality, but inferior in strength to cannon powder in about the ratio of 9 to 13. 

It had been made up in flannel bags containing 10 lbs. of powder, nine of which bags were 
packed in each of the oarrels, which were lined with zinc cylindrical cases, having lids fitted to 
openings on the top, rendered impervious to moisture by a thick coating of waterproof composition. 
These were sent round to Seafora Bay in a sloop, and landed, almost immediately after the arrival 
of the vessel (soon after low water), on the beach, before one of the martello towers which had been 
prepared to receive them until required for use. The whole number of barrels, weighing nearly 
130 lbs. each, were carried by hand up the beach, and stored in the tower. The powder required 
for the mines at the bottom of the shafts sunk above the cliff, which did not form part of the 
original project, was not applied for at the time that the first quantity was dispatched, and, owing 
to some delay, did not arrive at Seaford until within two days of the time fixed for the explosion, 
so that it was only possible to load three of the five mines of 600 lbs. each that had been 
prepared. 

The distance from the tower to the entrance of the gallery, nearly three-fourths of a mile, ren- 
dered it necessary to employ three carts to assist in moving the powder along the beach, on account 
of the time that would have been consumed in conveying all the barrels to the spot upon hand- 
barrows. A portion of the men were, however, so employed with nine barrows, and a party of 
thirty sappers, under an officer, were told off for this work, and for carrying the powder barrels up 
the ramp leading to the foot of the ladder, and passing the bags up the steps into the entrance 
chamber. 

As rapidly as the barrels were brought to the top of the mound at the foot of the ladder, they 
were opened, and the bags passed by hand up the steps by men stationed at proper distances upon 
them, the convenient size of the bags enabling this to be performed with great ease and rapidity ; and 
by the time the men went to dinner, one-thirid of the powder had been piled up in the outer recess, 
upon tarpaulins previously laid to receive the bags. After dinner, part of the men (twelve) were 
employed passing the bags up the gallery to the inner recess, also by hand, the men being sta- 
tioned between 5 and 6 ft. apart, along one of the walls, and the gallery lighted in the manner 
already described. 

Later in the afternoon, the men who had been occupied with the powder barrels were made to 
line one of the branches, sitting down with their backs to the side of the branch, and passing the 
bags from hand to hand to the chamber, where they were built up in a compact form, under the 
eye of one of the officers ; the chamber having been previously fioored, ana lined to the height 
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gunpowder (24,000 lbs.) used for the lower mines was supplied at the 
ittle Mills had offered to furnish merchants' blasting powder, of good 
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of 5 ft. with rough planks, fastened to uprights by copper nails, to prevent the powder from coming 
in immediate contact with the chalk. 

When one-half of one chamber was completed, the men were transferred to the other branch, 
and both chambers were loaded with half their quantity of powder, the whole time occupied 
by the above operations being only 6| hours. Two sentries were then mounted at the entrance 
of the gallery, and on the following morning the work was recommenced, and the loading entirely 
completed by half-past 4 p.m. Before leaving work the remaining sand-bags were all mled, and 
about ninety of these hoisted into the mouth of the gallery by means of the derrick, and taken 
up to the upper recess, to be in readiness for commencing the tamping as soon as the bursting 
charges should have been fixed, and the first portion of the wires leaaing from them secured from 
any risk of being moved or injured, which was effected by passing them through tubes drilled in 
eitiong pieces of scantling, secured across the entrance to the chambers, and fastening them by 
wooden plugs, and afterwards leading them along the fioor of the branches in grooves cut in narrow 
stripe of plank, covered by other pieces nailed over them with copper nails. 

The whole of the operations aetailed above, from commencing to move the powder from the 
tower to the completion of the loading of both the mines, occupied 8 carts and 30 men for 11 hours, 
and 12 men afterwards for about 4 hours. 

The lines of least resistance of each mine being exactly 70 ft. and the charge 12,000 lbs., the 
proportion the latter bore to the cube of that line was about ^, rather more than was originally 

proposed (Vt). (70)« = 343000 and ?^^ = 12250 lbs. 

Tamping. — The materials used for tamping in the galleries were sand-bags (filled, some with 
dry chalk, but the greater part with sea-sand) and lumps of chalk. The sand-bags, only 600 of 
which were supplied, extended about 30 ft. from each chamber along the branches, the remaining 
length of which, as well as that portion of the main gallery which it was considered advisable to 
fill up, being completed with chalk hoisted from below by means of the derrick, in large baskets 
containing 6 bushels, weighing about 9 cwt. The greater part of the sand-bags were lifted into 
the gallery in the same manner by slings, five or six together. 

In the shafts above, the tamping consisted merely in shovelling down the stuff that had 
previously been drawn up and pilm round the opening, the charges not being sufficient to create 
apprehension of their producing any effect upwards, the line of least resistance in that direction 
being 40 ft. 

Ihe sand-bags filled with dry chalk, free from any particles of flint, were used in the branches 
for blocking up each of the chambers, and extended about 8 or 10 ft. from them, so as to prevent 
the possibility of any damp reaching the powder from those filled with wet sand, which were after- 
wards built in promiscuously with the others. 

Large blocks were built across at intervals, and the finer stuff thrown in behind and rammed 
sufficiently to make a tolerably compact mass, the wires from the bursting charges being secured 
from injury during the operation oy the manner in which tl^ey were enclosed in the grooves 
already alluded to. 

The extent of th^ tamping is shown in Figs. 1176, 1177, and occupied ftrom 18 to 20 men for 
three days, as also 12 men for one night. The distance from the crossing of the branches down 
the gallerv to the spot where the tamping was discontinued, was only 20 ft. 6 in., which, though not 
what would be generally considered necessary with moderate charges, the point A being consider- 
ably less than the length of the line of least resistance from the centre of one of the mines, was 
thought sufficient; the section of the gallery being quite insignificant, when the enormous 
expansion that would be caused by the explosion of the two charges was taken into account. 
The result proved that this idea was correct ; indeed, it is probable that the effect would have 
been the same if the main gallery had been left entirely open. 

In the branches the rate of progress with sand-bags was about 12 ft. the hour, rather more 
than 100 sand-bags being required for every 10 ft. ; they were passed along nearly in the same 
manner as the powder, the men being necessarily placed at less distances apart, and the branches 
lit as before, by the tin reflectors. 

With loose chalk, the rate in the branches was 7 to 8 ft. an hour, equal to about 3} cub. yds., 
the section being 12^ superficial ft. 

In the main gallery the rate of progress for the distance tamped, 30 ft. 6 in., equal to 30| cub. 
yds., was about 4 ft. 8 in., equal to 4 • 7 cub. yds. an hour. 

The above statement of the number of men employed and the rates of progress, includes those 
working at the derrick and passing the sand-bags and chalk up to the party at work. 

In passing the sand-bags and chalk to the end of the branches from the entrance chamber, 
from 20 to 24 men where required ; from the upper recess, which was also used as a depot for 
these materials, 12 men were found sufficient for passing on the sand-bags, and tamping. 

At the derrick seven men were employed — two at the crab, three collecting chalk and fllling 
below, and two emptying the basket above, which was in this manner loaded with six bushels of 
chalk, lifted a height of 22 ft., and returned in 4} minutes. The same quantity carried up the 
ladder upon 'men's shoulders in half-bushel baskets occupied about six minutes with the same 
number of hands. Another advantage in favour of the derrick was, that there was no difficulty 
in continuing the work for the whole day ; whereas the men could not have stood the fatigue of 
carrying the baskets up the steps for any length of time. 

Description of the Voltaic Battery, — The position of the mines above and below is shown in 
Figs. 1182 to 1185. The position of the battery house, that is, the shed where the voltaic batteries 
were placed, and to which the conducting wires from the mines led, is also drawn in Fig. 1185. 

The conducting wires from the large mines were brought up the face of the cliff, and then into 
the battery house. 
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Plan of large MineB below and Galleries leading to them. 

The wires on ooming from the entrance of the galleiy are passed up the fiice of the 
cliff, and are represented in Fig. 1167 by Kos. 2 and 4 wires. 



1183. 




Nos. 2 and 4 wires lead to the charges below. Nos. 1 and 3 are connected with 
the five mines above through the interposition of the mercury cups. On the word to 
make ready^ Nos. 1 and 2 srs attadied to one pole of the battery, Nos. 3 and 4 being 
held one in each hand. On the word fire lower minee^ No. 4 is connected to the other 
pole of the battery, and the lower mines explode. On the word fire upper mines, No. 3 
is connected to same pole as No. 4, and the five upper ones explode. If instantaneous 
explosion of all mines be ivquired, Nos. 3 and 4 should be previously tied together, and 
on touching the other pole of the battery all the mines would explode simultaneously. 
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It was originally in- 
tended to have fired the 
large mines below simul- 
taneously bv one battery, 
arranging the conducting 
wires as shown in Fig. 
1183, that is, the wire pro- 
ceeding from the battery 
was to have been carried 
directly to. and connected 
with, the Dursting charge 
of one of the lower mines ; 
from this, again, a con- 
ducting wire proceeded to 
the bursting onarge of the 
other, which again was 
connected bv uie same 
means with the oti^er pole 
of the battery. The whole 
circuit by this arrangement 
would have been about 360 
yds. Subsequent experiments have 
proved that it would have been suc- 
cessful. When the time fixed for the 
explosion drew near, doubts were ex- 
pressed in influential quarters of the 
safety of the plan, and as, from want 
of time, there was no means of proving 
its practicability by a sufficient number 
of experiments to remove all doubts, it 
was thought advisable to adopt the old 
method of firing each lower mine by a se- 
parate battery and a separate set of wires. 

It was originally intended to have 
fired the five mines above by the ar- 
rangement shown in Figs. 1182, 1183. 
Two mercury cups situated in a con- 
venient position, such as shown in Fig. 
1183, had each to receive one wire from 
each mine; two main wires proceeded 
from these cups to the battery house, 
one from each cup. 

The object of the cups in this case 
was not omy to economize wire, but to 
prevent them finom being dragged from 
the hands of the person who fired them. 

This method was also abandoned sub- 
sequently, having the means of firing 
each mine by a separate battery, as will 
be described hereafter. 

There were throe voltaic batteries 
available for the Seaford explosion. The 
two principal ones wero exactly similar, 
being both after Grove's construction. 

Grove's consisted of five cells each, 
and by roferonce to the figures the de- 
scription will be better understood, Figs. 
1186 to 1188. The description need not 
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Plan of large Mines sod the Galleries leading to them. 
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Plan of the top of the Oliff, showing Battery House, 
and the situation of the three Mines above, and also the 
Conducting Wiiies leading from them, as well as the 
large Mine below to the Battery Shed. 



extend further than for one cell, as the others were similar. The positive metal was zinc, and the 
negatiye phitmum : two zinc plates 9 in. by 7 in., and the platinum 9 in. by 6 in. Sulphuric acid 
dUuted m the proportion of one measure of acid to eight of water, and concentrated nitric acid, 
were the elements for generating the electricity. The zinc plates were amalgamated, and placed 
m a poroelam cell with the diluted sulphuric acid ; between the two plates was inserted a ceU of 
porous earthwiware filled with nitric acid, and in this was immersed the platinum, which was 
attached to a bar of wood, the wood being rather thicker than the exterior breadth of the porous 

Li ^ u P ®^ ^"^ ** shown in the enlarged sketch, firmly received the two zinc pUt^ and 
secured them against the wooden bar ; the connection of the zinc of one cell to the platinum 
of the iidjacent one being made by sUps of copper, as shown in Fig. 1188. 

This form of battery was very convenient, as it could be charged without difficulty and be 
airang:ed for firing by two people in ten minutes ; and those in the habit of using it could prepare 
It m SIX or seven minutes. It was also a very constant intensity battery, for at the end of five or 
SIX hours, which was the longest time the batteiy was ever kept in action here, it was in full 
strength. The same acid has been repeatedly used for charging the battery for a period of twenty 
hours, with simply adding a little water to the sulphuric acid solution, and up to that period no 
dmimution in its strength has been discovered. 
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tneutlnned aiie, ie capable of flrfog one charge at a dittsnoe oT 
, . [t will Urs two chargeB eimullaneoilBly, Hrranginz thun 
s« via origiDnll; proposed for the larger mines at Seaford, through a circuit of 1000 yila^ the 
conducting copper wire being f in. in diameter, and the platinum wire in the bursting charges 
I in. long. 

The porous earthenware cells, though the; have been frequently used, are aa rood as at first 
The metliod of preserving them (as practised iiere) is, after the battery is taken to pieces, to • 
soak tbem in a tub of water (or half an hour, thos removing most of tbe nitric acid and metallic 
salt that may be in the pores, and then put them in some fresh water for au hour or so longer ; tbs 
sulphate of zinc being soluble in water, ia removed by this means. 



P p] 
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The outer porcelain celb nay be made of guttn-perclia, which, however, though answerini; 
eve^ purpose and Dot being fragile, would require a little care to keep them free from strong 
nitric acid ; the dilute solution of sulphuric acid used has no effect on them. 

This battery has many advantages ; its ronnoctioas are very simple, and easily cleaned, which 
are very essential points with a Grave's balteiy, for the nitric acid fumes will eltHcli brasi, copper, 
Kidfr, and nil such metals ns are within tbe range of its influence. It is very constant in its power 
on different days, for whatever ioteneily it has shown on one occasion may always be confidently 
expected from it on another. With Danieira battery this is not the case, the temperature having 
a great efiV.«t upon it, and the oi-gullet CBi)ecially. 

The third voltaio battery was of Sniee's coiiBtruction : it was in chaise nt Portsmonth. and. 
therefore, was made use of for firing one of the small mines above, as it is not Rcnerally adapted 
for firing charges at great distances : it will not be necessary to describe it minutely. The positive 
metal was zinc, amalgsniated ; and the negative, platinized silver; the exciting Quid was dilute 
sulphuric acid, one measure of acid to eight of water being generally used. It had twelve cells, 
and was very easily charged for use. 

The conducting wire was composed of three sttsnds of copper wire, ~fjf in. in diameter, twisted 
as a rope, and tlieo covered with tape, and a solution of shellac and vanish over that agaio. The 
advantage of twisting tbe wire thus is, that it is loss liable to fracture, and is more flexible. A 
single BtiBud of wire, having tbe same weight the 3'snl, would convey electricity equally well, but 
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would Boon get hard and unmanageable ; it is very apt to break at bondings, and so break the 
circuit ; twisted rope wire has a better chance, for one or even two strands may break, and the 
third be still left to complete the circuit. There was also used copper wire of single strand ^ and 
\ in. in diameter. 

Bursting Charges, — Those for the large mines below were 9 in. long, and cylinders 2 in. in 
diameter ; and for the smaller mines alwut 6 in. long. They were lodged in the middle of the 
mine, and connected with the main conducting wire, which was brought through a piece of wood 
placed across the entrance of the chamber, and so jammed into it as to prevent the .charges being 
dragged from their position. 

By way of precaution, two charges were placed in each large mine, and connected with separate 
conducting wires, in case one pair might be damaged in tamping. The length of platinum wire 
for these bursting charges was different for those in each mine, one being { in. long, and the 
other f in. ' 

It was doubtful, at the time when these charges were placed, by what method the mines would 
be fired. The short length of wire had been found quite sufficient for exploding charges, and it 
was intended to have used that if both mines had been fired by one battery ; but as subsequently 
each mine was fired by a separate one, the bursting charges having the longer wire were attached 
to the main conducting wires at the mouth of the gallery, as giving a larger spark. However, 
either set of charges might have been used for either method with perfect success. 

The twisted conducting wire, of which there were only 500 yds. available, was kept for such 
parts as were likely to come under the observation and close inspection of the spectators: for 
instance, from the battery house to the edge of the cliff, and to the top of the three shafts. That 
down the face of the cliff and the shafts was the single strand of thick wire before described, and 
covered with coarse canvas and pitoh, tempered with tallow hastily made up. From the mouth 
of the gallery to the bursting charges below, the same thick wire was used bare, in this way : — A 
piece of deal, 3 in. broad, had two plough grooves run down it, in which one wire from each 
bursting charge of one mine was placed, and a fillet nailed over it, previously tarred. Another 
similar piece of deal had the other wires from these bursting charges fixed in it ; these two were 
kept on different sides of the branch, and brought down the main gallery on one side. The same 
was done with the conducting wires from the other mine, which were brought down the ot/ter side 
of the main gallery, Fig. 1184. 

The wires proceeding from the battery house were passed over the edge of the cliff through 
two double blocks, that were run out on two poles. The poles were placed about 10 ft. apart, ou 
the ground, and projected over sufficiently to enable the wires to clear the face of the cliff. One 
wire from* each mine was run through each double block ; thus the pair belonging to each mine 
were kept 10 ft. apart down the face to the entrance gallery, where they were attached by 
soldering to those from their respective bursting charges : previous to soldering on these wires to 
those leading to the mines, the continuity of the circuit was tested by a galvanometer ; and as 
every one was complete, the charge having | in. platinum wire was selected for the purpose of 
firing. One Grove's battery was devoted to each large mine. 

The three small mines above, each charged with (500 lbs: of powder, had each a battery to fire 
them, the two extreme ones by the two Grove's, and the centre one by the Smee*s already alluded 
to. The wires were brought from the shafts into the battery house. The arrangement for firing 
was made as sketehed in Figs. 1189 to 1191. M, M, M, M, are mercury cups into which the poles 
of the Grove's battery were plunged. 

The operators stood with their backs to the cliff, facing their respective batteries, the mercury 
cups being between them and the batteries. 

W, and W, represent two wires, one proceeding from one large mine below, and the small one 
above on that side. W, and W4 represent two others, one proceeding from the other large mine 
below, and the small one on the side above. W. represents the wire from the centre mine above. 

W/, W,', W,', W ', W,', are those corresponding to Wj , 
^s» ^sf ^4) ^5* ^^^ i^ leading to the same mines. 

The orders for firing the mines were to explode the 
large ones first, and when it was known that they had 
gone off, the three small ones were to be fired. On the 
word to make ready, W,, W,, W,, W^, were inserted in 
their respective mercury cups, as shown in Figs. 1189 to 
1191 ; and W^ was attached to the binding-screw of one 
terminal pole of the Smee's battery. 

W,', W,', were held by the officer in charge of that 
battenr, one wire in each hand. W,', W4', were similarly 
held by the officer over that battery, and W,' was in 
Lieut. Grossman's charge. 

Captain Frome arranged to give the signal thus : — " One, two, three, fire" and ** One, two, 
three, fire ;" the first fire referring to the large mines (when the wires leading to those were to be 
plunged into the other mercury cups), and the second fire to the three small mines (when all three 
officers had to complete the circuits corresponding to those). At the first word fire, the two large 
mines exploded, and the effect produced separated the cliff behind the three smaller mines so 
quickly as to drag all the remaining wires out of the window, thus preventing the upper ones from 
being fired. The wire W^, attach^ to the binding-screw of Smee's battery, pulled it over, and 
the shock made the other batteries jump on the table, mixing and spilling the acids. 

With respect to the plan originally proposed for firing the mines below, namely, by one battery, 
and placing the charges in one continuous cirouit, it was asserted to be an uncertain method ; 
because, if one platina wire was a little shorter than the other, the short one would fire first, and, 
thus disconnecting the circuit, would prevent the other from exploding. 
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Subseqiient experiments (as has been before stated) have proved this opinion erroneoiu, for in 
all trialstbat have been made at Portsmouth of that method of firing, the length of platina wire 
was always judged by the eye, never aocnrately measured. 
But a safe means could have been adopted to prevent 
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even this contingency, and have placed beyond possibility i*'a< y_lZ''S^SIl 'S, 

the chance of only one charge exploding. The diagram, I j , 

Fig. 1192, will explain it. ^ 

The dotted lines represent the copper conducting wires 
leading to charges C| and C, . The length of platinum 
wire in Ci may be made | in. long, that in C, | in. ; and 
at points a and 6 connect copper wires of the same thick- 
ness as the conducting wires, leading towards each other, but not approaching nearer than 1 in., 
and this interval connected by soldering on a platina wire 1 in. long, between the two, and encasing 
it in wood to protect it from possible fracture in the tamping, and securing it from all strain. 




similarly, 
between 

tlie explosion of Gi and t), would not be more than ^ of a second at the most ; indeed, practically, 
instantaneous. 

Applioatwn of Permanent Magnets to the Expheion of Mines and Submarine Charges, — Electro-mag- 
netism and magneto-electricity may be explained and illustrated as follows : A cell of Daniell's 
battery is represented in Fig. 1193 ; a rod of zinc A B is placed vrithin a tube G D of porous earthen- 

1193. 




ware, the vessel E F being of copper. The porous tube G D, containing the zinc rod A B, is filled 
with a mixture of one part sulphuric acid and ten parts water ; the space between the earthenware 
tube and the copper cell E F is filled with a saturated solution of sulphate of copper ; this 
saturated solution is prepared by pouring boiling water on a superabundance of crystals of 
sulphate of copper and stirring them ; to this solution one-tenth acid should be added. A binding- 
screw H establishes metallic contact between the zinc rod A B and one end of a wire, the metals 
being clean at the points of contact ; the other end of the wire is brouglit into mctollic contact 
with the copper cell E F by means of the binding-screw G and the metal support I, which may 
be either of brass or copper. 

In the coil of insulated copper wire at 20, when the positive galvanic current descends and 
passes in a right-handed spiral round the soft iron bar N 8, 20, the iron bar becomes an electro- 
magnet, the north pole N on the right of the observer. The bar of soft iron N S loses its 
magnetism or becomes demagnetized the instant the continuous metallic circuit X^ 20, 21, Y, M Z 
is broken. Suppose the wire to be made fast to two metal discs L and N, 24, whicn do not touch, 
then the galvanic current will not circulate as the continuous metallic contact is broken ; but the 
instant a plug of metal, touching both the discs, is placed in the hole M, the galvanic current 
circulates, and S N, 20, will be found to acquire a considerable quantity of magnetism, the cell 19 
being charged and arranged as before directed. But as soon as the plug M is withdrawn, or the 
metal bar Q, 23, removed, the circuit is broken, and the bar S N, 20, loses its magnetism. The 
bar Q, 23, establishes metallic contact between the ends P, B, of the wire. It must be observed by 
those voho are not acquainted with galvanic electricity and technical terms that positive electricity passes 
from the lower part of the xinc rod through the fluids and porous pot CD, to the copper cover E F, and 
then continues its course X, -hf 20, 21, 22, V, 28, the plug M, and returns to the upper end H of the zinc 
bar. The electric current passes from the xinc to the copper through the porous pot and fluids, 
and leaves the battery by the wire (which may be of immense length) attached to the copper, 
passing through any apparatus that maintains continuous metallic contoct, and returning to the 
oattory by the wire attached to the end of the zinc which is not immersed m the fluid ; the copper, 
although the negative metal, forms in this case the positive end (+) of the battery ; and the zinc, 
although the positive metal, forms the negative end (-). A piece of soft iron, 21, when bent in 
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the form of a hone-shoe, round the homa of which is wound spirally a len^^th of well-insulated 
copper wire, acquires a considerable quantity of magnetism while a galvanic current is passing 
through the wire ; one end of the magnet so arranged becomes the north pole and the other the 
south, if the spiral be wound in the same direction throughout, supposing the horse-shoe to be 
unbent and made straight. When a galvanic current circulates round the horns of a horse-shoe 
electro-magnet 21, a piece of soft iron K, near its ends or poles, will be raised ; but as soon as the 
plug of metal M, which is technically termed a contact-peg, is removed, the electro-magnet 21 
oecomes demagnetized, and K is disengaged or allowed to fall. Electro-magnets of the form 21 have 
been arranged so that they sustain^ a weight nearly equal to a ton. If a positive galvanic 
current passes along a wire in the neighbourhood of a magnetic needle N S, 22, the needle will 
be deflected, and will take a position n a. Fig. 1193, at nearly right angles to the wire. But when 
the circuit is broken by withdrawing the contact-peg M, or by removing the strip of metal S, 23, 
the magnetic needle will return to its original position N S. The Danish philosopher Oersted, 
about the year 1820, discovered the connection between galvanism and magnetism ; he also illus- 
trated his discovery by many phenomenal developments. In applving electro-magnetism to the 
business of telegraphy, the next important discovery was made by Steinheil, who found that 
the earth might be used to make up half the circuit of a galvanic current ; for if a number of 
cells like 19 be combined, so that the battery may be of sufficient strength, the discs of metal 
M, N, 24, Fig. 1193, may be buried in the earth at a great distance apart, and yet the circuit will 
be complete although the return wire is dispensed hm. 

with. Faraday found bv experiment that the con- 
verse phenomena also takes place, namely, that on 
inserting a permanent magnet N S, Fig. 1194, into 
the middle of a helix of insulated wire A Z, a current 
of electricity is generated in the circuit of wire A B Z ; 
the direction of the current depending upon the pole 
inserted and the end of \he spiral with respect to the 
direction of its windings. 

This experiment of Faraday has been much over- 
rated, for, when Oersted had discovered that an elec- 
tric current produced a magnet, it required but little X .^n. \ f A 
analytical skill to observe that the converse phenomena 
takes place, namely, that a magnet would produce an 
electric current. 

Many vague conjectures and absurd theories were entertained about the mechanical action of 

F 

the galvanic and electro-magnetic currents until Ohm, a German physicist, proved that I = =^ , 

in which F = the electric motive force, W = the resistance, and I = the intensity. Faraday proved 
experimentally tiiat Q = « L Q being the quantity of electricity conveyed by the currenl^ I the 
intensity, and a = the time during which the current circulates. Dr. Joule asserts, following out 
the ideas of Dr. Mayer, that XT = P W < ; in which U = units of work. However, the proou by 
which our present meehanioal equivalent of heat has been established are far from bemg sati»> 
factory. This experimentalproposition of Ma^er and its converse may or may not be true. The 
proofs given by Professor Ijndall and Dr. Joule are not conclusive. Many forms of battery, a 
variety of mechani(»l contrivances, and numerous formulie, have been employed in the business of 
telegraphy, the most useful of which we give elsewhere, in order of merit. But those develop- 
ments, except the local battery of Morse, are of a very second-rate character compared with those 
we have enumerated. 

To illustrate what we have stated with respect to the electro-magnet, we will explain the 
simple principle upon which W. Siemens constructed one of his first telegraphs. Suppose A J, 
Fig. 1195, to be a piece of soft iron, 
supported on an axis G at one end, 
and lifted by a spring F in the middle, 
so as to press A J upwards against the 
metallic contact-screw D. Let the posi- 
tive pole of the battery B be connected 
by a wire e with one end of the wire-% 
coil of an electro-magnet M M, the 
other end of the coil being connected 
with the contact-screw D, by a wire 
e' ; while a third wire e" completes the 
circuit ; e" connects the negative pole 
of the battery with C the axis of the 
piece of soft iron or armature A J. 
When the circuit is complete, the cur- 
rent circulates in the coils of the elec- 
tro-magnet M M, magnetizes them, and 
causes the soft iron lever A J to be 
attracted to the poles ; this operation 
breaks the metallic contact between 
the lever G J and the contact-pin D. 
When this occurs, the galvanic current 
ceases to circulate in the coils of M M, 
the soft iron cores of which become demagnetized, and have no longer the power to retain G J, 
which is therefore lifted by the spring F. But then contact is again established between D and 
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G J, and the galvanic oironit again oorapleted. So that when the apparatus is properly adjusted, 
the soft iron lever A J will continue to move up and down as long as the battery and the 
mechanical arrangement remain in working order. One galvanic circuit may be arranged to give 
motion to two or more such levers as A J at the same time, which motions may be applied to 
move pointers on dial-plates and convey telegraphic messages. 

Magnetism^ or the property of permanent polarity, was formerly supposed to belong to iron 
only. Later researches show that tliis is to be shared, though not equally, with nickel, cobalt, and 
chromiiun. Occasional magnetism may be excited in most substances, as is shown by their 
influencing the oscillations of a freely-suspended magnetic needle. But this influence is much 
weaker in aU other substances than in the four which we have named. Silver, which stands the 
highest of all the other metals, is nine times feebler in this respect than iron ; gold fifteen times, 
and marble nearly twenty times more weak. Iron acquires magnetism by contact or suitable 
friction with a magnet, by being suitably rubbed or struck in a proper position, by exposure to 
refracted light of the sun, and even by being left to stand in a nearly vertical position. Here it is 
enough to say that, owing to the ease with which it is accidentally developed, it is extremely 
difficult to find in the shop of a philosophical instrument maker, for instance, a tool or strip of 
iron which is not in some degree magnetic. In all its conditions and states it is susceptible of this 
property, but develops it differently in each. Thus, grey crude iron becomes sooner and more 
intensely magnetic than white iron, but yields in both these regards to wrought iron and steeL 
Soft ductile iron Is more easily and more strongly magnetizable than steel, but does not retain its 
magnetism as well. A similar relation is observable between untempered and tempered steel. 
The magnetism of iron may be weakened or lost by methods similar to those which originally 
impressed it. The filings of a magnet are less magnetic tiian the solid mass. A heavy sudden 
blow or shock against a hard bod^ will sometimes destroy magnetism. Heat always diminishes it ; 
although there are some peculiarities which have been observed in this regard that are difficult of 
explanation. It undergoes deterioration whenever similar poles of two equally strong magnets are 
kept in prolonged contact ; and, finally, is always abated by alloying with other substances, and 
may be destroyed entirely by increasing the proportion of idloy. Areenic is, in this respect, the 
most active of the metals, though an alloy of two-thirds arsenic does not entirely prevent the mass 
from being attracted by the needle. Mushet, however, affirms that 22 per cent, of manganese 
effectually destroys magnetism in an alloy of iron. Malleable iron is an excellent conductor of 
electricity; and although in this respect inferior to copper and zinc among the easily oxidized 
metals, and to gold, silver, and platinum among the others, it is yet, for economy, universally 
employed for telegraphic purposes and for lightning-rods. In the voltaic pile it follows zinc in 
the Older of electro-positive metals. The electrO'tnoffnetic properties of iron are very temarkable, 
in the facility with which it is converted into a magnet of great energy during the passage 
through it of a galvanic or electric current. It is on this that the electro-magnetic telegrapn owes, 
in part, its adaptation and success. 

The ignition of gunpowder by the direct magneto-electric current, though well known to be 
practicable, had, in 1861, never been applied to mUitary or industrial operations in England, and no 
satisfactory experiments showing its practical applicability to these purposes had been published. 

In the first experiments of Abel and Wheatstone a powerful magneto-electric machine con- 
structed by Henley was used. 

A few trials sufficed to show that, even with this instrument, gunpowder itself could not be 
ignited with any degree of certainty. Results obtained with Statham's and other fuzes, though 
superior to those furnished by gunpowder alone, were still far from satisfactory. 

The first experiments were, therefore, directed to the discovery of a suitable agent to serve as 
a perfectly certain medium or priming material for effecting the ignition of charges by means of 
the magneto-electric machine. For this purpose a variety of compositions of a more or less sensi- 
tive character were prepared for trial witn the magnet. 

Many of these compositions furnished results to a certain extent favourable ; a number of fuzes, 
primed with them, having been fired in succession vrith the magnet, and from two to four charges 
in one circuit having been ignited in a very few instances. But no perfect certainty of discharge 
was attained with any one of the materials, the attempt to fire a fuze being frequently unsuccessful ; 
while no difference between it and a successful fuze containing the same composition could be 
detected by careful examination. 

These preliminary trials, however, established the fact that the sensitiveness or ready explo- 
siveness, of a priming material was not alone sufficient to determine its success, but that those 
which possessed a ceurtain, though not too considerable, degree of conducting power, were more 
readily and certainly ignited than others of a far more sensitive character. 

Some successful results obtained accidentally with one of the experimental compositions, which 
had become damp by exposure to the air, led to a trial of the effect of moisture in promoting the 
ignition of but slightly sensitive compositions ; and it was ultimately found that the impregnation 
of ordinary gunpowder with a small amount of moisture, by an expedient similar in principle to one 
adopted with considerable success by Oapt. H. Scott, in connection with charges to be fired by the 
induction-coil machine, rendered its ignition by means of the magnet a matter of certainty. 

Some important precautions were, however, indispensable to the attainment of this definite 
result. If the slightly damp powder were employed in a finely divided condition, it very fre- 
quently became caked between the wire terminals in the fuze, and the current would then pass 
through the composition without igniting it. This was found to take place occasionally, even when 
the powder was employed in its original granular condition. Several attempts were made to 
overcome this difficulty by modifying the form and position of the terminals ; and an arrangement 
of a completely successful nature was eventually contrived, in which only the sectional surfaces of 
the extremities of the terminals, which consisted of fine copper wire. -^ in. diameter, were exposed 
in the interior of the fuze so as not to project at all. The prepared gunpowder, therefore, simply 
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raited upon the sarfaees, and t, perfect uniformity in the Bctlon of the txae wu attained. The 
primiD^ composition oonaistad of flne-grain gunpowder, which had been soaked in an alooholic 
tolutiun of chloride of CAlcium. of a streoi^h sufilcicnt to impregnate the graiDS with from 1 to 2 
per cent, of that uilt. The prepared powder was eipoeed to the air for a short time, to permit of 
a mifflcienl abmrplion of moiature by the deliquescent salt. 



with the large lever-magnet. The failures did not amount to more than 3 per cent., and were 
all proved to bo due to defect! re mBnufacture. 

This fuze was fonnd to bo e«^ of monufactnre and permanentlj effective. 'While, however, it 
presented a certain means of effecting the ignition, bj the aid of a powerTnl magnet, of single 
charges, or of a large number to be Qred in moderately rapid suocessioD, it nas inapplicable to the 
ignition, with oertainty, of more than one charge in circuit. 



w desoriptioa of priming material for the fuze waa prepared soon afterwards, which greatly 
1 in sensitiveness any of the other oompositionafaitheilo tried. Avery gradual separation 
of the armature from the large magnet sufllced to effect the ignition of the fuies primed with this 



materis^ and the induced current obtained by means of a very small magnet, with a rotatory 
armature, such as that employed in Wheatstone's magneto^ectrio tel^raph, waa snffloiently 
powerful to produce the same result. 

The fuie-hend, which is of boz-vrood, contains three perforations, Figs. 1196 to 119S ; the one 
passing downwards through tbecentrereceivesabout 2in.of doubleioeulated wireno. Figs, 1199, 
1200, two copper wires of 24-gauge, O'O^ in. diameter, enclosed side by side, at a distanoe of 







a coating of gutta-percha of \ in. diameter : the other two perforations, which are parallel 
:h other un each side of the central one, and at right angles to it, serve for the reception of 
the circuit wires. The anangement for securing the connection of tbeee with the insnUled wirea 
in the fuzee is as follows : — 

The piece of double covered wire above referred to is originally of a snffloleDt length to allow 
of the, gutta-percha being removed from abont 1^ in. of the wires. These bare ends of the fine 
wires, which are made to protrude from the top of the fuie-head, are then pressed into slight 
grooves in the wood, provided for their protection, and the extremity of each it passed into one of 
the horizontal perfotstions in the head, in which position it is afterwards imi. 

fixed by the introduction into the hole of a tightly-fitting piece of copper | . 

tube, so that the wire is Brml; wedged between the wood and the ' ' 

exterior of this tube, and is thus at the tame time brought into close iggj, lan. 

contact with a comparatively large surface of metaL It will be teen that 
it is only necessary to fix one of the circuit wires into each of tbeee tubes, /T~^\ 

in the opDodte sides of the fuze-be»d, in order to ensure a snfBcient and iL —I 

perfectly distinct oomiectioD of each one of them with one of the inmlated M-* ^ 

vires in the fuze. 

The extremity of the doable covered wire, whioh protrodec to a 
distance of aboat | of an in. from the bottom of the fuze-heed. Is pro- 
vided with a clean aectional snrfaoe by being cut with a pair of sharp 
scissors, care being taken that the extremities of the fine copper wirea are 
not pressed into contact by this operation. 

A small cap oF about 1 an in. in length is then constnicted of thick 
tinfoil. Figs. 1199, 1201, into which is dropped about I grain of the 

£ riming material. The double wire is then inserted, and pressed Srmly 
Qwn into the cap, so that the explosive mixture is iillghtly compressed 
and in dose contact with the surfaces of the wire tenninals. 

The cap is fixed by vrinding a piece of twine once or twice round 
it* npper part, tightening the ends of this, and then removing it. The 
actual fuze is then ready for enclosure in a small charge of gunpowder, 
Figs. 1202, 1203. The powder is contained in a paper case tied on to 
the head, or in a cylinder of aheet tin, tightly fitting on the fuie-head 
at one end ; the other, after the introduction of the powder, hi 
plaster of Paris. 

It i* advisable to have the fniw ready fitted with pieces of inralated wire about 2 ft 



d with a ping of clay oi 
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in length, twisted together as shown in Fig. 1205. The ends of the wires, after they are passed 
through the connecting holes in the fiize-head, should be tightly fixed in their position by the 
introduction of a short piece of copper wire. ^204 1205. 

The phosphide of copper fuze for firuig cannon, Fig. 1204, 
differs slightly in its construction from the mining faze. The 
fuze-head is longer than in the latter, and of such a form that the 
double covered wires, which are fitted into it in the manner 
already described, are completely enclosed in it, the lower ex- 
tremity of its central perforation still remaining free to receive 
the top of the quill or copper tube charged with powder, like 
the ordinary tube arrangement for firing cannon. 

The priming material contained in the fuze is prepared by 
reducing separately to the finest possible state of division the 
sub-phosphide of copper, sub-sulphide of copper, and chlorate of 
potassa, and then mixing these powdered substances very inti- 
mately, in the proportions of 10 parts of the first, 45 of the 
second, and 15 parts of the third, by rubbing them well together 
in a mortar, with the addition of siuficient alcohol to thoroughly 
moisten the mass. The mixture is afterwards carefully dried, and 
may be safely preserved in closed vessels until required. 

In the experiments subsequently carried on with fuzes which 
contained this composition, it was found that a slight residue, con- 
sisting principally of the coke employed, occasionally remained on the surfaces 
of the terminals in the fuze after its discharge, and, by forming a good con- 
ducting link between them, interfered with any further eflfects of the magnetic 
current in other directions, by the establishment of a complete circuit. 

The obstacle to the complete success of the composition was entirely re- 
moved by the substitution of another material, more easily acted on by the 
chlorate of potassa than the coke, and answering equally well with the latter 
as a conducting medium, namely, the sub-sulphide of copper. 

No instance has occurred m the discharge of several thousand fuzes, 
primed with the mixture of sub-phosphide and sub-sulphide of copper with 
chlorate of potassa, in which the terminals have not been found quite free 
from adherent residue after the ignition. 

The sub-phosphide of copper, which is produced at an elevated tempera- 
ture, is a compound of very stable character, and the mixture of the three 
constituents Ib quite as unalterable as the explosive mixtures which are in 
general use for the preparation of percussion caps, and so on. The stability 
of the mixture has oeen submitted to very satisfactory tests. Fuzes primed 
with it have lost none of their delicacy and certainty when tried more than 
two years after preparation. See Atomic Weights, p. 195. 

The sub-phosphide of copper, intimately blended with chlorate of potassa, 
forms a mixture in a high degree sensitive to the effect of heat, and possessed 
at the same time of some power of conducting electricity. With the employ- 
ment, however, of magneto-electric machines of comparatively low power, 
and in cases where the resistance to be overcome by the current is considerable, this conducting 
property is not sufBcient to ensure the ignition of the mixture by assisting the passage of the 
current across the interruption in the metallic circuit — across the small distance between the ter^ 
minalB of the wires in the fuze. It must be borne in mind that the striking distance, oi: the spece 
between the terminahi, across which the current from even a powerful magneto-electric machine will 
leap, Ib very small. With the large lever-magnet the spark could only be produced when the wires 
were almost in contact. Since, however, it is indispensable to the proper insulation of the wires in the 
ftize arrangement that the terminals should be at least -ji^ of an in. apart, it will be readily under- 
stood how essential to success in operations with these machines it is that the priming material 
should possess considerable conducting power. Hence the necessity of increasing the conducting 
power of the mixture of sub-phosphide of copper and chlorate of potassa ; a result which it has 
been already stated was attained in the first instance by the employment of finely powdered coke, 
and afterwards by the substitution of sub-sulphide of copper for that substance.^ 

BCany experiments were of course required to determine the proportions in which it was advisable 
to employ the conducting constituent, so as to facilitate the passage of the current through the 
mass as far as pofisible, without interfering too much with the sensitiveness of the explosive 
mixture, or producing an almost perfectly continuous connection between the two poles in the 
fuze, and thus promoting the passage of the current so greatly as to prevent the ignition of the 
composition. 

Considerable di£Sculties were encountered in the endeavours properly to balance these conditions, 
when attempts were made, which will presently be mentioned, to apply the mixture in question to 
the ignition of several charges in circmt. The increase in the resistance of the current, consequent 
on the introduction of more than one interruption in the metallic circuit, necessitated an increase 
in the conducting power of the mixture, which it was difficult to attain, unless at a considerable 
sacrifice of the sensitiveness of the composition. 

It was consequently found that when the proper conditions had been attained for ensuring the 
passage of the current through several — ^five or six — fuzes in circuit, the absolute certainty of the 
fuze, when applied in this manner, hod been sacrificed. Thus, out of several fuzes tried together, 
which had been most carefully prepared, so as to be as far as possible perfectly alike, the currciU 
would ignite a few, passing through the others without affecting them, and would thus point to 
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minute diffeienoes in the oomdnotinff powers and senflitiyenau of different p6rtionB of one and the 
same quantity of the mixture, whUm was prepared in such a way as to ensure the greatest possible 
uniformity. 

The r^ulta of many expMariments established the fact, that the proportions of ingredients already 
referred to furnished a mixture possessed of the highest oonduoting power attainable without 
detriment to the lensitiTenesB or xeady explosiveness cl the material. Tne certainty of its action, 
when applied in the fuze, to the exploaioQ of a single charge, by employing a permanent magnet 
instead of a battery to establish the current, has been proved by the ignition of several fuzes, 
without faUure. See Figs. 1193, 1194. 

Experiments, made with the aid of this composition, established the fact that the current 
obtained by means even of a very powerful permanent magnet, when applied to the ignition of 
several charges arranged in succession in one circuit is very limited in its powers. In illustration 
of this it may be stated that, on trial being made oi twenty-one consecutive sets of four charges, 
eighteen of tne sets were perfectly discharged ; but, in the other three sets, only two or three of 
the chitfges were ignited. Out of five seta, of five charges each, only two seta were completely 
discharged; and in several attempta made to ignite six fuzes in one cirouil only four were fired 
in each case. In all these experiments when char^ had escaped i^HoD^ tne current had passed 
through the sensitive composition witnout firing it. When tne discharged fuzes were removed, 
and the remaining ones properlv connected, they were all fired. 

It has been already stated that no Denenoial effeoto were attained by modifying the pro- 
portions or ingredienta in the priming composition, so as to diminish or inoreaae ito conducting 
power. 

Three charges were therefore the most that could be i^ted mth oeriamty by means of a 
powerfid electro-magnetic machine, when they were arranged m succession in simple circuit. 

The plan, originallv suggested by M. Bavare, of aiianging the charges in divided cirouits, was 
next tried, and nimished for more successful results^ The sunultaneous ignition of twenty-flve 
charges was repeatedly effected by means of the large magnet, each charge Iwing connected with a 
separata branch attached to the main line, which led firom one pole A the magnet, and their 
connection with the earth established by means of uncovered copper wire, the extremity of which 
was wound round an iron stake driven into the ground. 

A still larger number of charges (forty) was similarly exploded on several occasions. 

These resulta were all obtained with the large magnet, the current being established by rapidly 
separating the armature tram the poles by means of a lever. By a simple anangement for shifting 
the connection of the main wire with the exploded charges, from them to a second series, similarly 
ananged, twenty-five were also simultaneously ignited, on allowing the annature to return to the 
poles of the magnet It was found, moreover, thiett the same number could be fired by means of 
this magnet, even if two folds of tnick brown paper were interposed between the poles and the 
armature, so that on depression of the lever the annature had no longer to be forcibly detached, but 
simply to be removed from the magnet 

TheBB successful resulta led to trials of magneto-electric machines of comparatively small size, 
with revolving armatures. In the empl<mnent of these machines, it was of course not expected 
that any single induced current obtained from them should distribute itself among a number of 
fuzes placed m divided cirouit, as was the case with the comparatively much more powerful cuxreiit 
obtained with the hum magnet ; but it was hoped that the very rapid succession of currenta fur- 
nidied by them would produce a veir similar result, by dirtributing themselves over the different 
branches of the drouit with which tne fuzes were connected, and that the ignition of the whole of 
the fuzes, though it could not be so positively instantaneous as when the one current was discharging 
the entire number, might yet be effected with such rapidity as practically to amount to a simul- 
taneous discharge. 

The resulta obtained fully confirm these expectations. With a small horse-shoe magnet, 7 in. 
in length, 1 in. in breadth, and 1) in. in thickness, provided with a revolving annature and 
multiplying wheels, by which great rapidity of motion could be attained, twenty-nve charges were 
fired : the effect of the discharge on the ear was, however, not like that of one single explosion, as 
was the case in the former experiments, but like that of an exceedingly rapid voUey, in whidi the 
explosion of any siugle charge could not be distinguished. 

Still more ftivourable resulta were obtained with a very compact arrangement of six magnets, 
each about half the size of the above, devised by G. Wheatstone, tor the production of an extremdy 
rapid succession of currents, establlsned in such a manner that the effect would be almost equal to 
a continuous current. 

It consisted of six small magnets, to the poles of which were fixed soft iron bars surrounded by 
coils of insulated wire. The coils of all the magneto were united together, so as to form, with the 
external conducting wire and the earth, a single cirouit An axis carried six soft iron armatures 
in snoceesion before each of the coils. By this arrangement two advantages were gained ; all the 
magneto simultaneously charged the wire, and produced the effect of a single magnet of more than 
six times the dimensions, and at the same time six shocks or currenta were generated during a 
single revolution of the axis, so that, when aided by a multiplying motion applied to the axis, 
a very rapid succession of powerful currenta was produced. A single large magnet with a rotating 
armature could not be made to produce the same succession of currenta without the application ci 
considerable meohanioBd power. Another peculiarity of this apparatus was that the coils were 
stationary, and the soft armatures alone were in motion ; by this oimsition the cirouit during the 
action of the machine was never broken. In the usual magneto-electric machines with rotating 
armatures the cirouit is necessarily broken twice during every revolution, and this frequently gives 
rise to insularities in the production of the currents. By the construction adopted, the currenta 
can never mil to traverse the cirouit. It must be borne in mind that our account or this investi- 
gation is taken, with some alterations, from an inflated report to the Secretary of Stato for War, 
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by Wheatstone and Abel. Such dooaments are generallj cooked np. See 'Profesnonal Piq>en 
of theC.B.E.,'vol. X. 

The total weight of the instrument, enclosed in a case, was 32 lbs. 11 oz. It was enclosed for 
transport in a small packing-«ase, weighing about 7 lbs. 

The system of firing charges by moans of magneto-electricity, with the aid of the phosphide of 
copper fuze, having been thus far successfully developed, a series of experiments was mstituted on 
it at Chatham, for the purpose of thoroughly testing its certainty and applicability in the field, and 
subsequently for ascertaining the extent to which it admitted of application to the explosion of 
submarine charges. These experiments extended over a period of six months, and were performed 
under various conditions of weather. 

The magnetic apparatus employed in all the field experiments was so arranged that the whole 
apparatus was enclosed in a box, the only exposed portions being the binding-screws for the attach- 
ment of the wires, a handle for setting the armatures in motion, and a key, by the depression of 
which, at a given signal, the drouit could be completed. 

To employ the instrument at any moment, the following were the operations necessary : — 

The insulated wire and the copper wire passing to the earth (the earth taking the place of 
the return wire) were fixed to the apparatus oy means of the binding-screws ; the instrument was 
raised from the ground b^ being placed on its packing-case; at that height a man could operate 
with it when in the kneehng posture. 

At a signal ready, the huidle was turned with one hand, so as to cause the armatures to revolve 
with the greatest possible velocity ; whilst the other hand was pressed against one comer of the 
instrument, close to the key, so as to steady the box, and to be ready at the signal fljre to depress 
the key with the thumb. 

The connection of the instrument with the earth was effected as follows : — 

A moderately clean spade was selected fh>m among those used by the men in digging holes for 
the charges. Chie end of a piece of stout copper wire was placed under the edge of the spade, in 
such a manner that when the latter was firmly forced into uie ground it was pressed by the earth 
on both sides against the iron surface. The protruding wire was wound once or twice round the 
bottom of the spade-handle, and then attached to the binding-screw of the permanent magnet. 

The g^tta-pereha-covered wire used in the experiments having been in occasional service at 
Chatham for some years, the coating had sustained some injury in two or three places. Such 
defects were protected from possible contact with the earth by means of waterproof cloth or sheet 
india-rubber. The total length of wire used was 881 yds., of which 600 were extended, lying along 
the ground. 

To the extremity of the covered wire a number (firom 12 to 25) of pieces of similar insulated 
wire, varying in length between 3 and 6 yds., and serving to connect it with the individual 
charges, were attached in the following manner : — About 6 in. of the extremity of the main wire 
and of each of the branch wires were laid bare, and cleansed ; the end of the former was then 
surrounded with those of the latter, placed in an opposite direction, and the whole tightly 
twisted together by means of pliers, so as to be brought thoroughly into metallic contact with each 
other and with the main wire. The twisted wires were then bound round with moderately fine 
copper wire, which was made to bring every portion of the exterior of the bundle into connection. 
The joint was made rigid with pieces of stick ti^ against it, and the whole securely enveloped in 
a piece of waterproof cloth or canvas, to protect it from damp and contact with the earth. 

These connections, though of a veiy rough description, and most readily prepared by any 
soldier, were thoroughly effectuaL No instance occurred in the whole of the experiments of the 
failure of a charge which could be attributed to an imperfect metallio connection of its branch 
wire with the main wire. 

The following was the method adopted for connecting the fuzes with their respective branch 
wires and with the earth :^ 

The fuzes, as they were manufactured, were always fitted, as shown in Fig. 1205, with two 
Iiieces of covered wire twisted together. They were thus ready for insertion into the bag or other 
receptacle containing the charge of gunpowder, the ends of the covered wires protruding from the 
opening of the latter to a convenient distance for effecting the junction with the branch and earth 
wires, so that a complete galvanic cireuit might be established, which was excited by the pennanent 
magnet. The extremities of one of the other fuze- wires and of a branch wire, from both of which 
the gutta-peroha was removed to a distance of about 2 in., were connected by hooking them 
firmly one in the other with pliers, in the manner shown in Fig. 1206. A piece of fine copper 
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binding wire, about 6 or 8 in. in length, was then twisted over the whole of the connectioii, 
and the joint was finallv enclosed in a small wrapping oi oiled canvas, in a manner similar to that 
adopted at the principal junction with the main wire. 

The extremitv of the other fuze-wire was attached to an uncovered copper wire of sufficient 
length to bring the whole of the charges into connection with each other in this manner. The 
wire was fixed in a convenient position by being twisted round short stakes or pickete driven into 
the ground, and ite extremities were buried in the earth, being attached either to spades, as already 
described, or to zinc plates about 8 in. square. 

With reference to the earth-connection, the employment of large metallic surfaces was also 
proved, by repeated experiments at Chatham and Woolwich, to be superfluous. The simple insei^ 
tion into the ground of the uncovered extremities of the fuze-wires was found to afford a per- 
fectly sufficient connection for ensuring the ignition of the charges. 
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The lu^eet number of ehuves whieh it ma attempted to flie at onoe at Chatham wm twenty- 
five. The lEnitioD of twelve chujtea wu repeatedly effected, and with etieh rapidity as to have 
the pnctioareflbct of a limnltaiieoiM diaeharge of the whole. With twenty -five chnrges the interval 
between the fltet and last diaeharge was very decided, being certainly longer than when the game 
DQinber of ebarges were flred at Woolwich with the employiiient of a greater length jjf wire, of 
which, however, the larger portion waa coiled ap, the gpeoe between the earth-conneotioiu being 
only abont one-half of that mtrodnoed at Chatham ; yet it woa ooniidered that even the ignition 
of the twenty-five eharges, at a diitance of 600 yds. from the magnet, and with the employment d 
881 yda. of covered wire, imd, in addition, about 100 yds. in the form of branch wires, was effected 
with nifficient rapidity to allow of that nnmbet being employed in cases where a aimultaneotu 
dlaoharge wai required. 

AiMtber instance of the ap^ucnt effect of increased reeiatanoe, in the form of an increase in the 
length of wire laid out, in diimniBhing the rapidity of diacbarge, was observed in the employiaent 
of one bmnch wire of four or five times the length of Jhe others. A distinct interval was noted 
between the explosion of the other eleven charges and that of the me attached U> the longer branch 

Experimenta were made to aaoertatn whether, to complete the cironit, the employment of a 
second insulated wire, in the place of 600 yds. of earth-connection, would modify the rapidity of 
ignition of a uomber of ehargea. but no difference of effect was olwerved. 

It need scarcely be stated that, in dealing with electricity produced by a permanent magnet, 
defects in the insulation of the main and branch wires had to be very carefully guarded against. 
Several failures in the first oiperimenta were eventually traced to some defect of that kin£ An 
instance even occurred, before the proper method of protecting the connections of the chargea with 
the inaulated wires waa adopted, in which the deposition of moisture upon the gutta-perclur-oovered 
wire, near the charge, prevented the ignition of the latter, by forming a connecting link between 
the extremity of this wire, where it was eipoeed and attached to the fuze, and the niM»vered wire 
lending to the earth, in consequence of the two wires being in contact at a diitanoe of several inches 
&om the fuze. 

It ia therefore always a preliminary precaution of primary importanoe tliat the instdating 
covering of the wire to I>e emjdoyed be carefully inspected while the latter is being laid oat for uae. 
and that any imperfections lie protected from possible contact with the earth or from the access of 
moisture, a result readily attainable by Uie application of some waterproof envelope to the injured 
portion. 

The experiments instituted at Chatham with the object of applying the current prodooed by a 
permanent magnet to the ignition of tubtnarine charges were attended with greater difiScnlties than 
those which served to test the system in its application to land operations ; nevertheless, the results 
ultimately attained were also of a character to lead to definite and favourable oonclusionR 

The method of establishing the connections of a charge with the wire and the earth differed 
naturally in some respects from the mode of pmoeeding already descril>ed. 

The charges of powder were contained in canistore of block-tin carefully aoldered so as to be 
water-tight. Any veseels of this material, such as turpentine cans, may be employed, provided 
tbeybe perfectly coated inside with marine glue, or some other description of ramiah. 

The fuze, with two wires attached as before, 
the one a few inches longer than the other, was '***■ 

inserted into the clmrge, and filed in its proper 
position in the canister by means of a looee-Qtting 
Dung, pushed a little distance into the neck, and 
cut on one side, so as to admit of the passage of 
the longer insulated wire, while the bare part 
of the shorter wire was firmly pressed by the 
oork against the inside of the neck. The latter 

"■ -I oompleteiy filled up with m 

ind the extremity of the shoi 

I bent back over its side, l __ 

in dose contact with the metal surface. In this 
manner the enclosed fnzc was bronght into good 
metallic connection with the wet farlh or water 
by which the oanistor would be surrounded. See 
rig. 1297, 

The insnlated wire projecting from tho mouth 
of the canister was connected with one of the 
branch wirei in the manner already described; 
but, in order thoroughly to protect the conuection 
tmn the water In which it would liecome im- 
mersed, a piece of vulcanized india-rnbher tubing 
of suitable length, and a tin tube rather longer 
and wider than the latter, were slipped on to 
the branch wire, before it waa joined to the 
ftase-wire ; and when the junction had been 
effected, the india-mbtter tnbe was pulled over 
it, and tied very firmly at both end* on to the 
gntt^-percba covering of the wires. See Fig. 
1808. 

_A (mall quantity of cement, consisting of beeswax and tnrpentine, was rubbed in between the 
guHa-pereha and the ends of the iikdia-ruhber tube, so as thoroughly to ensure the exclnsiMi of 
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water; and finally the tin tube was pulled over the joint, and fixed by oompiresaing the enda, fixr 
the purpoee of imparting rigidity to the junction, and thus protecting it from injury by a suddeft 
twist or strain. By these arrangements the perfect exclusion of wat^ from the charge, and fitom 
its connection with the branch wire, was effected. In an equipment prepared for effecting sab- 
marine explosions, by means of an electric current estabUshea by a permanent magnet, in China, 
stout bags of vulcanized india-rubber were provided for the reoeption of the charges. These bags 
were fitted with sockets and screw-plugs of gun metal. The fuzes furnished for use with these 
bags were attached to two pieces of covered wire, about 18 in. long, which were endoeed side by 
side in a cylindrical plug of gutta-percha, Fig. 1209, about 4 in. long, and carefViUy made to form 

1209. 




one mass with the coating of the enclosed wires. This plus was made to fit pretty tightly into 
a thick washer of india-rubber contained in the socket of the bag. An inner screw-socket, which 
was brought to bear with great force upon a metal ring resting on this washer, when the plug 
had been inserted, compressed its internal surface against the latter in such a way as to ensure a 
perfectly water-tight joint. 

The first trials of these charges were made in a shallow oanal with a mud bottom, and from 
which at the time of experiment the water was receding so rapidlv, that before the whole of the 
charges had been immersed several of them were left half-imoedded in the mud. Twenty-five 
chides were arranged, of which thirteen were exploded, though less rapidly than in the experi- 
ment on limd. On the next occasion, when twenty-five charges were regularly surrounded by 
water, simply resting upon the firm bed of a pond of some depth, only four of the charges were 
exploded. Several other attempts were made to fire a small number of (ten and five) charges 
similarly immersed, but in every instance only four were ignited. A careful examination into tiie 
cause of the invariable explosion of so comparatively limited a number of charges under water led 
to the following explanation. 

It will be remembered that the exploei<^ of numerous charges in a divided circuit by the 
magneto-electric apparatus with revolving armatures is effected by the action of an exceedingly 
rapid succession of currents. The rapidity with which they follow each other, however great, 
cannot equal that with which the terminals of a fuze, exploded in a small charge under water, 
come into contact with the latter after the explosion. The instant this occurs a complete cizcuit 
is established through the water, and any furtner action of the currents is at once arrested. 

By the time, therefore, that four charges had been ignited in extremely rapid suocessionf so as 
to be apparently exploded at once, a sufficient interval of time had in reality elapsed to allow the 
water to re-occupy the space filled for a brief period by the gaseous products of the first explosion, 
and thus to rusn in upon and complete the cirouit with the terminals of the fuze. The piece 
of soft iron K, when attracted by the temporary magnet 21, shown in Fig. 1193, is termed an 
armature. 

It is believed that charges are generally so arranged for submarine operations as to be partially 
or completely surrounded oy the objects upon which the force of the exploding charge is to be 
exerted, and that they are even at times firmly fixed in their position by being partly or whoUy 
imbedded in sand, mud, or some similar material. In such cases the resistance to he overcome 
by the explosion is greater than if, under conditions otherwise similar, the charges were simply in 
direct contact with the water, and hence the interval is increased which must elapse before the 
water can complete the cirouit of electricity. 

The results of some experiments made at Chatham appear to show that, under such ciroum- 
stances, the number of charges ignited at one time by the magneto-electric apparatus must be 
greater than if they were simply immersed in water. O^e experiment has already been mentioned, 
in which thirteen charges out of twenty-five were exploded at one time, most of them being 
imbedded in mud. 

On another occasion the charges were placed in small pits filled with water, the canisters being 
covered in with mud beneath the latter. Nine of the charges were fired ; the branch wire of the 
tenth was accidentally severed at the moment of the explosion, from its lying across one of the 
pits. 

An attempt was made to fire simultaneously fourteen charges similarly arranged, by the current 
obtained fi:om a large lever-magnet, but only seven were exploded ; the other seven were fired 
on a second trial. It should be mentioned that the length of extended wire and the interval 
between the earth-connections were greater in these experiments than in those made at Woolwich 
with the lar^e magnet, in which twenty-five charges were fired with perfect certainty by the single 
current obtained from it. Possibly the very great difference in the results obtained might have 
been partly due to some minute defects in the insulation of the branch wires employed at Chatham, 
which escaped notice on the inspection of the wires, but sufficed to diminish tne intensity of the 
current when these were immersed in water. 

It is most difficult, even in a long-continued series of carefully-observed experiments, to separate 
the pure results fumiBhed by the application of a system, from results which are brought about, 
or at any rate greatly modified, by accidental ciroumstanoes. It appears, however, apart from the 
latter, that in the application of electricity (whether frictional or magnetic) to tne explosion of 
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ohargee the efibots to be pfoduoed hj the onrrent are modified by the reautanoo offered to it in 
its passage along wires or very considerable len^h, and tliat the effects of the current seem 
Tei7 much less when the insulated wire is extended than when it is employed in the form of a 
coil. 

The retardation in the explosion of several charges in divided circuit by a rapid succession of 
eurrenti, and the diminution in the number of charges fired by one single powerful current, both 
of which results were repeatedly noticed in the course of the many experiments with the galvanic 
battery, and with the permanent magnet, could only be ascribed to modiiScations in the intensity 
of the electricity by the greater resistance which is encountered. 

Robert Hare, Professor of Chemistry in the Universify of Pennsylvania, was the first who 
applied electricity to the explosion of mines. Hare found, if an elec- 
tric current of sufficient force was established in a circuit (X Y Z, A 
Fig. 1193) of copper wire by either a permanent magnet, or galvanic 
battery, that a short piece of iioa wire (Q, Fig. 1193), much tiiinner 
than the copper wire, making part of the circuit (PB, 23, Fig. 
1193X was burnt, and exploded gunpowder and other explosive 
substances through which the iron wire was made to pass. Hare's 
disco venr may be practically applied by the following simple pro- 
0088 :— Two copper wires, AB, CD, Fig. 1210, being procured, 
about -^ in. in diameter and 10 ft. in length, well covered with 
■ilk or cotton tarred, so that their insulation may be good. These 
wires are twisted together for a length a 6 of 6 in., care being taken 
to leave their lower extremities, at B and D, free, for a length of 
about ^an in. (separating them about i an in.); fiom the extremities 
B, D, the insulating envdope must be removed ; and a fine iron wire 
is stretched between B and D. Metallic contact must be established 
between the iron and the copper. The upper extremities A, G, of 
the two copper wires are connected with a cirouit. For example, if 
A, Fig. 1210, be connected with P, Fig. 1193, and G with B, the 
inm wire B D will be consumed as soon as a galvanic or electric 
current, sufficiently powerful, is established by inserting the contact- 
peg, M, Fig. 1193. 

Explosive Compounds Employed in Blasting. — Nitro-Qlycerine is a 
most powerful explosive agent, and although not extensively used 
in England, it has been most successfully employed on the Gontinent and in America. It was dis- 
covered by Ascagne Sobero, an Italian, in 1847, but its practical application to mining purposes 
is principally due to the rescarohes of Alfred Nobel, a Swedish mining engineer. 

^ Nitro-glyoerine is made in the following manner: — Fuming nitno acid (sp. gr. about 1 *52) is 
mixed with twice its weight of the strongest sulphuric acid, in a vessel kept cool by being sur- 
rounded with cold water. When this acid mixture is properly cooled, there is slowly poured into it 
rather more than one-sixth of its weight of syrupy glycerine ; constant stirring is kept up during the 
addition of the glycerine, and the vessel containing the mixture is maintained at as low a tempe- 
rature as possible by means of a surrounding of cold water, ice, or some freezing mixture. It is 
necessary to avoid anv sensible heating of the mixture, otherwise the glycerine, which is the sweet 
principle of oil, would be, to a considerable extent, transformed into oxalic add. When the action 
ceases, nitro-glyoerine is produced. It forms on tiie surface as an oQy-looking fiuid, the undeoom- 
posed sulphuric acid forming the subjacent layer, owing to its greater specific gravity. The whole 
mixture is then poured, with constant stirring, into a large quantity of cold watOT, when the relative 
specific gravities become so altered that the nitro-glycerine subsides and the diluted acid rises to 
the surface. After the separation in this manner into two layers is effected, the upper layer may 
be removed by the process of deoantation or by means of a siphon, and the remaining nitro- 
glycerine is washed and re-washed with fresh water till not a trace of acid reaction is indicated by 
blue litmus paper. The final purifying process, pursued by Nobel, is to crystallize the nitro- 
glycerine from its solution in wood naphtha. This final process is not necessary when the com- 
pound is to be used at once. 

As prepared in this manner, nitro-glycerine is an oily-looking liquid, of a faint yellow colour, 
perfectly inodorous, and possessed of a sweet, aromatic, and somewhat piquant taste. It is poison- 
ous, small doses of it producing headache, which may also be produced if the substance is absorbed 
into the blood through the skm, and hence it is not desirable to allow it to remain long in contact 
with the skin, but rather to wash it off as soon as possible with soap and water. Glycerine has a 
specific gravity of 1*25-1*26, but the nitro-glycerine has a specific gravity of almost 1*6, so that 
it is a heavy liquid. It is practicallv insoluble in water, but it rea<Uly dissolves in ether, in ordi- 
nary vinic alcohol, and in methylic alcohol or wood spirit. If it bo simply exposed to contact with 
foQ it does not explode, although it is so powerful as an explosive. A burning match may bo 
introduced into it without producing any explosion ; the match may be made to ignite the liquid, 
but combustion will cease as soon as uie match ceases to bum. Nitro-glycerine may oven be bumea 
by means of a cotton wick or a strip of bibulous paper, as oil firom a lamp, and as harmlessly. It 
remains fixed and perfectly unchanged at 212° Fahr. ; if heated to about 860°, however, it explodes. 
It detonates when struck by the blow of a hammer, but only the part struck by the hammer ex- 
plodes ; the surrounding liquid remains unchanged. 

As the carriage of nitro-glycerine is dangerous, many trials have been made to render it 
inexploeive, and to restore its explosiveness with equal readiness. NobeUs method of making it 
inexplosive is at once simple and effective. It is to mix with it from 5 to 10 per cent, of wood 

airit, when all attempts at exploding it are rendered utterly futile. Five per cent, of methyl- 
»hol is said to be amply sufficient to transform the nitro-glyoerine into tlie inexplosive or pro- 



582 BOTTLING MACHINB. 

tected state, but Nobd now always adds 10 per cent, before sending any of his blasting liqnid into 
the market. 

The transformation of protected into ordinary nitro-glycerine is effected by thoroughly agitating 
it with water, and allowing the mixture to settle for a short while. By this means the water dis- 
solves out the methyl-alcohol, and the mixture of spirit and water readily rises to the surfiBce, in 
virtue of its low specific gravity, and can be removed by means of a siphon, or by simply pouring it 
off. The blasting liquid is now ready for use. It would seem that the methyl-aloonol is by wis 
means separated very readily from the nitro-glycerine held in solution by it. If protected blasting 
liquid be kept in a closed vessel, it will remain in that state for an indefinite period of time, and 
ready at any moment to be reduced or rendered fit for action ; If, however, it be exposed in an open 
vessel, it will regain its explosiveness, in periods of time proportionate to the amount or degree of 
exposure. 

The chief advantage which nitro-glyoerine possesses is that it requires a much smaller hole or 
chamber than gunpowder does, the strength of the latter being scarcely one-tenth that of the former. 
Hence the miner's work, which, according to the hardness of the rock, represents from five to twenty 
times the price of gunpowder used, is so short, that the cost of blasting is often reduced to 50 per 
cent. The process is very easy. If the chamber of the mine present fissures, it must first be lined 
with clay to make it water-tight. This done, the nitro-glyoerine is poured in and water after it, 
which, being the lighter liquid, remains at the top. A slow match, with a well-chaiged peicussicm 
cap at the end, is then introduced into the nitro-glyoerine, or a fuze, to the extremity of which is 
attached a small quantity of gunpowder, fixed immediately over the liquid. The mine may then 
be sprung by lighting the match, there being no need of tamping. Experiments were made with 
this new compound in the open part of the tin mmea of Altenburg, in Saxony. In one of these, a 
chamber, 34 millimetres in diameter, was made perpendicularly in a dolomitio rock, 00 ft. in 
length, and at a distance of 14 ft. from its extremity, which was nearly vertical. At a depth of 
8 ft., a vault filled with clay was found, in consequence of which the bottom of the hole was tamped, 
leaving a depth of 7 ft. One litre and a half of mtro-glvoerine was then poured in ; it occupied 5 fL 
A match and stopper were then applied as stated, and the mine sprung. The effect was so enor- 
mous as to produce a fissure 50 ft. in length, and another of 20 ft. The total effect has not yet 
been ascertained, because it will require several small blasts to break the blocks that have been 
partially detached by this. 

Nitro-glycerine has, however, one disadvantage. It freezes at a temperature very probably 
above 92^ Fahr., and it is said that even at a temperature of 43° to 46° Fahr. the oil solidifies to 
an icy mass, which mere friction will cause to explode. It is probable, however, that the freezing- 
point of the oil lies somewhat lower than is here stated, though as yet no exact determination of 
the ftreezing-point of the oil has been made. A newspaper from Hirschberg, in Silesia, gives a sad 
account of an accident, caused by the frozen oil exploding by friction. Nitro-glycerine was there 
being used in making a tunnel. It was kept in glass vessels, packed in strew, and placed in 
baekets, each vessel containing one-fourth to one-eighth of a hundredweight of the oil. For 
several days the oil had been frozen. It was carefully handled, and pieces were separated by 
means of a piece of wood, and put into the bore-holes, and it was found that the frozen nitro- 
glycerine exploded quite as well as the fiuid. One day an overseer at the shaft hit upon the 
unlucky idea of brealdng into pieces with a pick a 700 or 800 lb. lump of the fkoen glycerine. 
The blow caused the mass to explode, and the unfortunate man was blown up into the air, and 
feU back into the shaft, some 40 or 50 ft. deep, whilst two workmen, who were maldng cartridges 
a short distance from him, luckily escaped with slight injuries. 

Dynamite is made by mixing 75 per cent, of nitro-glycerine with 25 per cent, of powdered sand 
(silica). It has been introduced by A. Nobel, whose researches on nitro-glyoerine are so well 
known. Dynamite retains all the properties of nitro-glycerine for blasting, but is not dangerous, 
as it may be handled freely, and does not explode by fire alone or when accidentally subjected to 
pereussion. In some experiments made by the inventor, a box containing about 8 lbs. of dynamite 
(equal in power to 80 lbs. of powder) was placed over a fire, where it slowly burned away. 
Another box containing the same quantity was hurled from a height of more than 60 ft. on to a 
rock below, no explosion ensuing from the concussion sustained. Explosion is i»oduoed by means 
of a pereussion cap in the same manner as with nitro-glycerine. 

Schwartzes Blasting Gunpowder, — This powder is now much employed in mining. Its combustion 
is slow but complete. The foUowing analyses show why it is cheaper than ordinary powder: — 

I. n. 

Soluble salts 7455 74*32 

Nitrate of potash 66-22 56*23 

Nitrate of soda 18*80 18*09 

The treatment by sulphide of carbon produced : — 

Dissolved sulphur 9*68 7*61 

Carbon remaining 14*14 15*01 

Moisture 1-78 11 

It is a coarse-grained powder, in which one part of potash nitre is replaced by nitrate of soda. 

In the first instance, one part of nitrate of soda for one part of nitrate of potash was used, but 
it was afterwards found best to employ a third of nitrate of soda. See Abtesian Wells. Battebt. 
GuNPOWDEB. GuN-CoTTON. Obdnancb. Quabbyino. Telegbapht. Tunnellino. 

BOTTLING MACHINE. Pb., Machine a mettre en bouteilles; Geb., Pfropfmaschine ; Ital., 
Macchina da toppar bottiglie. 

The bottling machine, shown in Figs. 1211, 1212, is chiefly used for soda and other aerated 
waters. It was invented by the late Hayward Tyler, and it is on the continuous principle. The 



BOTTLING MACHINE. 

B And bottlin^pieoe are «hown is Bectkn Fig. 1211, to illiutnte tfaa internal « 

The aama letters of refereooe reTec to the ssme porta in FiKB. 1211, 1212. FEr. 1211 ia a side 

eleration. Fig. 1212 end elevation ; one-half of the iron frame ia taken awaj in Fig. 121 1 to show 



mora olouljthe working parta. The iron frame 
ia tcmoTed for the same reoaon. Seft 
i, iminght-iron beam, with con- 
necting-iod te orajik at one end, 
and aide tods to the pamp-pi»- 
VfD. fmine at the other end ; t, 
wiQOKht-iron crankshaft, with 
flf-wbeel and two handloa, i, >, 
which are nsed when hand-power 
ia applied ;/, braes wheel to work 
the agitator ; g, copper solution 
pan; A, r^aiating oocka for gaa 
and water, one only of wliich ia 
et^ pomp, wi" 
or gaa and wal 
1 the Talve-pieoea, which are 
Duuked k k. The deliverj-TalTO 
ta on the top of the pump : I, 
solid ^n-metal piaton workiiig 
underneath the pump; m, agita- 
tor working ioaide the condenser 
lo more intimately mix the gaa 
and water together; n, bottling- 
pieoe fitted with a screw-valve 
and lever-handle; o, boltlinsr 
nipple; pp. copper pipca, tinned 
inside, cae to take tlie gsa and 
watet from the pump to the con- •_ 
denaer, the other to convey them « V 
from the oondetiaer to the bot- 
tling-pieoe ; 9, aafety-valve t 
relieve the preaenre in the cor 
denser, in which there is also a pmasnre-gauge, not shown in the figures, lo indicate the prvesura 
toited to the difierent aeratud watera. S, B, are hnndlea for actuating the machine when worked 
b; hand. The gas generator and gasometer, althongh not shown in Figs. 1211, 1212, are the 
same in all the machines employed \ai a similar purpose 

W. F. Davidson'* bottling maahiDO, Fig. 1219, is arranged so that the liqnid to be bottled ta 
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dnwn Iroa the bwrel H throngh ft Rictioa-pl^ R by a piston, & ndve L being uruged ao 
M to prevent the retorn of tfae liquid. The liquid ia let into the bottle e tioni the pimp- 
cylinder A through the valve C, vhioh ia operated by meuia of levarg uid mla. Thii nl>a 
ia closed by meiuiB of ■ Bpiine ^>^ acting autraoatically. The plunger D u niaed >a koo 
aa prewuie ia removed firau uie treadle /; thus giving an intennittent motioa the witfk ia 
emUoned. 

BOTTOBUNO, ok BALLASTINO. Fb., Ea^itrrmMt; Qkb^ BaMmmg, BttolnUatMs ; 
iTALt Imbrtaiare fngkiaian, 

BOULDBB-PATING. F»^Pavfmgaht! QBt^SollMMnpJIiuta-! Ttu^CiotMaio. 

BOULDEB- WALLS. Fb., Mur en galtt; Gm., SaOttein Mauemtrk; Ital., JftinilKni ii 
eiattUU 

See CosffTEConos. 

BOUNDARIES. Fe., LimiUi; Gm, 0™.«; ITAL, Ompm!. 

In making a aurvey, the baundories of the ixiuntieB, ptuiahee, and the aeveral eetat«e, are 
required to be marked correctly tbereoa ; in iwcertaining which, it ia gsierally found neoeeaary 
to procure the Bervices of parties locoJIy acquainted with the ground to be aurveyed. 

In the CAM of property divided by hedge and ditch, the brow of the ditch ia genenlly the 
boundary ; which, of course, forma the line to be measured. In aome diatricta the roota of tho 

Juicka, or the foot of the bank, fbrma it : a width of 15 links ia usually allowed for a hedge and 
itch, G links for ditches between neighbonting estates, and 7 for those neareat UNtds, that ia, from 
the roota of the quicka. See Geodesy. Bitbtkyixo. 

BOW-COHFABS. Fb., Qmpai a pompt ; Gbb., Feiertirlul ; Itai_, CoBtpassino da circofi. 

A pail of ooupassaa for deaeribiog amall circlea with ink, ia acMnetimea called a baic^oiBpiut, 
Bee CoMPASsn. 

BOW-FEN, Fb., TinJigne ; Geb^ Reiafeder ; Ital., Penna a Mi-tatoib. 

Thia pen ia often termed a dratcing pen : the part ot it which holds the ink is formed of two 
cheeba which are bowed out towards the middle, and regulated bj a screw. See Cioii'.tssea. 

BOW-DRILL. Fb., Ardielet; Geb., DrilBiogen, Fidi&ogai; Ital., Trapatn ad archctto. 

Bee HAHivTooLa. 

B0W-8AW. Fb., &M a cAmtounur, «cu n ardtet ; Qkb., BchaeifOge ; Ital., SegKetto. 

See Haks-Tools. 

BOX. 

A cylindrical, hollow iron, oaed in wheela, In which the axh revolves, ia called au axlt- 
box. 

A hue-ifrtnn is a term generally applied to a amall drain with vertical sides. Bee 
Dbainaoe. 

BOXING or A BHUTTEB. 

The part into which a abutter ia folded when not required fbr nae. It la formed by tiis 
Inside lining of the laah-frame, the gioDnds of the arohitraTe, and the back linatg. Se« 8a»- 

BOTAU. Fb., Boym ; Obb., Oang da Laufgraben ; Ital,, Same di trindera ; Bfah., Ramal. 

Boyanx, or bojaua, are small trenches, or branchea of a bench, leading to a magazine, or to 
any particular pomt. See FoBTmoATioM. 

BRACE. 

A brace la that part of a piece of framing which ia subject to tension or oompressioii, such as 
the diagonal bare of a Warren girder. It differs from a ttmt, which ia aubjeot to oompreesion ; or 
bom a tie, which ia aubjeot to tension only. See Bbidois. 

BSACKET. Fb., Fiditr, amtaU, taaaau; Geb., UtiteHage, Lager, Omol; Ital., Mentola, 



A bracket ia an arm which projecta from the face of a wall or post, chiefly need to sustain a 
ahelf, roof, cornice, or other overtanging structure. It ia usually supported at the outer end by 
a strut, as A C, Fig. 1214. ,j,^ ^^^ 

The strain tending to pull the 
bearer A B out of its socket at 
B la rei»«aented by W tan. a ; 
and that portion of the load 
which is transmitted to the wall [ 
along the atmt A C is repre- 

aented by ; W being the 

weight assumed to be concen- 
trated at the point A, and a the 
angle which the strut make* 
with the waU. When the load 
la distributed over the bearer 
A B, the sttaina on it and on 
the atrut A C will be reduced 
toone-half. The vertical strain 
or pressure on the wall or up- 

rtj*I of the bracket wUl be equal to the load. A distributed load will canse a transverse strain 
on the oMirer itself, in the same manner as a be«m supported at both ends, or supported at one 
end and fixed at the other, as the case may be. In a solid brwAct, or ooo of omamenlal shape, 
as Fig. 1215, tho strain at B is all that is usually required, and may be ascertained on the ptin- 
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dple of the leyer. It wiU eqnal 
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for a load ooncontrated at A, and ono-half that 



quantity when the load is distribnted. See Stbbnoth of Matebialb. 

In large oomioee, to eave pUister it is usual to fix to the wall and ceiling, at intervals of 12 or 
14 in^ brackets cut roughly to the outline of the intended cornice ; to these, laths are nailed, to 
take the plaster of the cornice. The brackets in the angles are called angie-brackets. 

The term bracM is also applied to a projecting arm which carries on its end a gas-burner. 
Pieces of wood fixed on the end of the tread of stairs over the outer string-board are called 
brackets; they are sometimes made ornamental, in which case they are called wrought or f«^f 
hrackeU; in other cases they are known as cut bracket9. Brackets in stone are usually called 
coHfeh, 

BBAKE, OB BBEAK. Pb,, Frein; Gra., Bremse; Ital., Freno. 

A piece of mechanism for retarding or stopping motion by friction, as of a carnage or railway, 
by the pressure of rubbers against the wheels. In Fig. j,,^ 

1216 the hand-wheel on the spindle A, which is fastened 9 

to the platform R of the car, winds up the chain F, and \ 
pulls the lever B, which presses the brake-block H upon the 
wheel G, and pulls the rod 8, which presses the brake-block 
upon the wheel D, and ^ulls the rod E, which runs to the 
next touck, where there is a duplicate of the arrangement, 
shown in Fig. 1216. Thus, turning the brake-wheel at 
either end of the car brings an equal pressure upon all the wheels. 

Fig. 1217 shows a railroad car brake, invented by A, J. Ambler; it belongs to that class of 
railroad brakes in which a tensional chain, or rods and chains, are used for operating or applying 
power from the locomotive to the brakes of a train of cars. 

191T. 





This arrangement of Ambler consists of fixed and sliding sheaves E, E, in connection with a 
tensional chain F, and brake-chain G ; so that by operating the tensional chain F a movement 
will be imparted to the brake-chain G, to set or apply the brakes D, D. The slack of the tensional 
chain F will be taken up by the falling of the sliding sheaves E. £, when the power is removed 
from the chain F. The power of the brakes is limited and controlled by limiting the rising and 
falling movement of the sheaves E, E, by having the (ucles b of the sheaves fitted into slots a in the 
bars D" D". The sheaves C, C, are stationary. 

The number of brake carriages or vans to a given train will depend on the inclinations 
on the line and the speeds employed: with passenger trains it has oeen considered that on 
an average, and to ensure safety, every fifUi carriage should have a brake : the engine also is 
generally reversed to assist the brakes. It must be recollected, however, that by stopping a 
train too rapidly, great injury results both to the permanent way and the rolling stock. But 
still it is very important that those who have charge of a train should be able to stop it within 
a very short distance, when there is risk of collision, or any other danger is apprehended ; and 
the greater the number of wheels to which braJces are applied, the more speedUy will the eifect 
be^Mluced. 

The following considerations appear to be those which would determine the amount of brake- 
power. 

The forces which act on the train after the steam has been shut off are the axle friction and 
rolling friction of the train, and the pressure of the wind : the friction tends gradually to bring 
the train to rest, — the pressure of the wind to accelerate or retard it, as the case may be, and this 
will therefore be omitted from the conclusions to be drawn. 

To stop a train rapidly, brakes are applied to some of the wheels, and the eng^e is reversed. 
The application of brakes prevents the wneels from revolving, and introduces the friction due to 
the weights on the wheels to which the brakes are applied. The act of reversing the engine does 
not immediately stop the forward motion of the driving-wheel, but forces it to revolve at a some- 
what slower rate than that due to the speed of the train, and thus causes a friction of surfaces to 
take place between the wheel and raiL 

The axle and rolling friction of the train may be assumed to be some proportion of the total 
weight of the train ; the friction of the wheels to which brakes are applied may be taken as some 
proportion of the insistent weights ; ftrom experiments, it appears that the axle and rolling friction 
may be taken at -^ part of the weight of the train, and the friction due to the brakes at about 
\ of the weights on them. 
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Henoe, if f fepwcaHhegroagloadof the tmiu, 

u „ the weiglita on the vheela to which brakes are appUud, 
B „ the ret^dAtion in feet per seooitd, 
il „ the forae of gnvity, 
and, if the train be on tm incline, 

- represent the elope of moh incline, 

^ = (,-334 + 8 ±fJ7' 

the latter term being nsed with the negfative sign when the train ia descending, an\l the podtiva 
Bign when aaoeDding, the gradient. 

If S = apBce trevetsed by train in ooming to rest, 

V = velodt; in feet per seooud at the moment the rteam ia shut off and the brakes applied, 

-A- 

It ahonld be observed that these eitiinates and formnlaa. although empirical, may be foand 
useful in forming rough estimates; and that, iu estimating pcacticaUT the apace of time which 
ahould be required for a train to atop iu, one or two seconds should be allowed for time loat in 
applving the brokea. These combinationa will be referred to presently. 

Speaking in general tenna, a brake consists of one or aeveral segments of wood or metal, which 
can be pressed upon the circumference of a wheel, eo as to produce friction, which, acting as a 
resistance, reduces the velocitj of that wheel. Fig. 1218 rcpreaents a brake ao constructed; the 
wooden blocks a, a, a, a, are connected by two straps of iron, j„^ 

movable round a flxed point O ; the ends A and B of these two 
straps are fastened to the bell-cmiJi A G B. As none of the | 
centres of motion, A, B, C, are fixed, the anna AC, C B, have 
the power of a toggl&-joiut. If the handle M of the bell-crank 
is raoTed iu the direction indicated by tbc arrow, the blocks are 
forced to press upon the rim of the wheel, and friction is thua 
produced, which diminishes the velocity or the wheel which is 
auppoaed to be in motion. In order to diatribute the pressure 
over a large aurfeco, so that the materials in contact be not 
altered, the brake should ueceasaril; embrace a sufficient part of 

the circle. Cranes, and generally all machines for lifting and lowering weights by means of 
handles, are provided with a brake acting upon a special wheel which iiiiQuences the movement 
of the chain barrel. 

Also trains of great velocity are either stopped on inclinea or their motion is retarded od rail- 
roads, as is well known, by applying a brake to the carriages. The brakes of oommoD carriages 
are wooden blocks placed near Uie back wheels ; by means of a banille and a screw, acting upon 
a ayatem of levers, the blocks are pressed upon the rims of these wheels. These brakes are 
aubetituted with advantage for the ancient wooden shoe or aabot, which is still used by carters or 
wagoners ; the use of that shoe is to prevent the wheel from turning, and it transforms the rolling 
friction into a sliding friction, which is mnch more considerable; it producea thus a resistance 
which tends to diminish the velocity of the carriage and to prevent its acceleration in descending 
inclines. But the use of the shoe ia very incommodious, and serioua accidenta may happen if the 
chain, which holds the sabot or ahoe, breaks. The brake acts in a more gradual manner, and its 
use is handier and safer. 

In railway trains the brakes act simultaneously upon all wheels of the samecarriage. Various 
constructions have been adopted for that piu-pose. Fig. 1219 shows one of Uie earliest, as naed 
on the Veraaillea railway. The equal segments a a', b b', c c\ d d", are placed at a little distaEtce 
before and behind each wheel ; they ate suspended from the frame of the carriage by roda moving 
round fixed points. The levera mj? and np, jointed to the middle of the arcs ib' and cc', ara 
connected at p with a vertical roApq, which has a scraw at its end, and is raised or lowered by 
means of the nut e. The raising of the point p bringa the points m and » nearer to the wheels, 
with the power of a toggle-joint, and the arcs 6 b' and c c* are pressed against the tirte with great 
force; the same takes place with the arcs a a' and tf if, which are connected with the arcs bi and 
c c* by means of the coupling-rods a c and h' d"; in this manner four arcs or blocks press upon 
the woeels at the same time. The blocks are either made of wood and hooped vrith iron, or they 



are made entirely of iron. Fig. 1220 represenUa brake operated byoompound levera: in general, 
this latter principle of canstmction is adopted. 

The two brake-block* 8 and B', Fig. 1220, are connected with two equal leren A B and A' B, 
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which are again fastened to a third lever B'BC, movable round a shaft 0. The rod CD 
connects the end C of the lever B' B G with the nut D D', which is moved backwards and forwiuds 
bv the screw V ; this screw, which can only move round its axis, but not in a longitudinal 
direction, is turned by wheel-gearing from the box of the guard or brakes-man. Therefore, by 
turning the brake-wheel to the right, the nut D D' advances to the right and pulls the points 
G and% into the same direction, whilst the point B' is pushed into the opposite direction, and the 
brake-blocks are consequently pressed upon the tires of the wheels. The coupling-rod G'D', 
jointed at D', produces an analogous effect upon the following wheels. The reverse takes place 
if the brake-wheel be turned in the opposite direction ; that is, the blocks 8, S', are then removed 
from the wheels. 

In order to bring the brake into full action a certain time is always required, and numerous 
constructions have Deen adopted for shortening this time as much as possible. One method is 
that of employing a weight of an oblong form with a rack and pinion on its longest vertical side : 
this weight moves between guides in a vertical direction, and is kept in its place by means of a 
click or spring. As soon as the guard removes the click or eases the spring, the weight falls, and 
turning the pinion rapidly round its horizontal axis, transfers the motion to the brake-blocks, 
which act in the manner previously described. By means of a handle the pinion is turned in the 
opposite direction, the weight is raised, and again fastened in its former position. It will be seen 
that the action of the brake under these circumstances must be very rapid, and a train can be 
stopped in a very short time. 

But the advantages of this very great rapidity should not be exaggerated ; a train should not 
be stopped instantaneously. To stop quickly is equal to a sudden shock against an obstacle, and 
might produce serious accidents. M. Gentil, mining engineer, has compared that shock with the 
one which the train would sustain by falling vertically from a certain height : the following Table 
gives the results of his researches : — 



Tniiiii^ 


Speed 
on hour. 
InUlo- 
mbtros. 


Speed 
aiecoDd. 

in 
mMres. 


HelKhi of 
Fall, in 
moires. 


Oumparisoo. 


Bonarkt. 


Goods train 

Mixed 

Passenger 

Mail 

Express .. .. 


kilos. 
25 
30 
40 
50 
60 


m. 

6*94 

8-33 

11-11 

13-88 

16-66 


m. 
2-456 
3-533 
6-293 
9-825 
14-159 

• 


Ground floor 

3rd 
4th 


The consequences of the shock of an 
express tmin suddenly stopped, 
would be the same as if that 
train had fallen from a fourth 
floor, or from a height of 46 ft. 
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The law in France demands one brake-van to seven carriages or less ; two brake-vans if the 
number of carriages varies between seven and fifteen ; three brake-vans for a train of more than 
fifteen carriages ; the tender-brakes are not included in that number. 

On the Turin-Genoa railway one brake-van to two carriages of a passenger train is allowed ; 
and three wagons of a goods train to a brake-van. 

In Prussia ^ of the total number of wheels of a passenger train, and ^ of the wheels of a 
goods train, have to be provided with brakes, if the inclination of the line is not more than 
O^-OOSS the metre. For an inclination between 0<"-0033 and 0'"*005, j and | have to be sub- 
stituted for these fractions, and \ and ^ for an inclination between O'"*00o and 0<"*010. 

Figs. 1221 to 1224 represent the arrangement of Stilmant's brake. 

It is apparent from these figures that the horizontal shaft a, supported by the brackets t i, is 
moved by means of a longf lever 6, which is connected at its end, by the two rods c c, with the 
nut d; this nut being raised or lowered by the spindle (/, transfers thus its motion, not only to the 
lever b and the shaft a, but from there also by means of the forked levers m, m, and the rods n, u, 
to the wedges r r. These wedges are made of cast iron, and form 
two symmetrical parts, which are supported by means of a joint or 
hinge ; four sliding parts o, o, two of which carry directly the brake- 
blocks p,/7, whilst the two others are kept in their respective positions 
by means of the pressure-rods a, a, serving as guides to the wedges. 

The greatest angle formed by these sliding parts and the wedges, 
during the inactivity of the brake, is 23 degrees ; at the moment of 
putting the brake in action this angle becomes less, since the sliding 
parts are pressed more towards the outside; and at the greatest 
pressure of the wedges against the sliding parts the angle is about 
19 degrees. 

The thread of the brake-screw g ought to be double, so that the 
lever 6, the end of which has to pass through a very considerable arc, 
can be moved as quickly as possible. The brake-blocks which are 
not directly fastened to the wedges are kept in their respective posi- 
tions b^ means of the suspension-rods 1 1, and the horizontal rods u u. 
The spiral springs z z keep the brake-blocks during the inactivity of 
the brake at a sufficient distance from the tires, and thus prevent 
any unnecessary friction. The free action of the suspension-springs 
during the stopping of the wheels has now been obtained simply by 
bending the sliding parts o, o, which serve as guides for the wedges 
r r, to a certain angle, and by making the holes in these sliding parts more oval ; the same shape 
is given to the hc^e at the lower part of the suspension-rods 1 1, that ia to say, where those rods 




re fattened to the ronpllng-roda j i 

. irts form with tho side ab an an^ ,. 

lui^tres, their length 61 millimi^tres, thoB giving to tlie springs a plaj of 20 millimutrea, sufficient 
for the oscilUtious during the running of the WEigon. 

A few words may be said here with respect to brake-blocks in generaJ, and with respeot to 
iron blocks in particular. Some time ago broke-blocks were made of aofl wood, euch as elm, 
beech, poplar, and so on, whioh is leas suaocptlble to become polished b;r friction than iron ; tbe 
npid wear and tear, however, requiring often and expensive renewing of the blocksi have induced 
manT engineen to snbstitute metal, and especially iron, in place of wood. 

The use of self-acting brakes in engines of Engerth's system requires great care in deoceuding 
inclines of S millimetres near Lozeville. The wooden brobe-blocks of the tender catch fire veir 
often, and are entirely destroyed when the train reaches the station. In older to pieTent this 
InconTentenoe, iron blocks have been subatttuted (br the wooden ones. 

The following are the reanlta of that application : — 

1. With wooden brake-blocks the wheels of the tender bad to be stopped in order to prevent 
heating and the le-tnming of the tires after a nm of 9000 kilomUrea. Sinoe iron brake-blocks 
are adopted on some of the Frenah nilways, the wheeb are allowed to turn slowly in descending 
inclines ; seveial tenders have already run over 12,000 kilomfetrea without the tires of the wheek 
requiring to be cooled. 

2. The wear and tear of the iron brake-blocks has been 11 or 15 millimUie* for an avenge 
distance of 15,000 kilom&trea. 

ThoBo te«iilta have been fully oonflrmed Tij the expenments made with Btilmant's brake ; and 
it has sbce been found that a better retardation of the motion of the ttain is obtained if the 
blocks ore not pressed apoo the wheels during the whole time reqoired for the stopping of a train, 
bot are lifted up and pressed upon again at very short intervals. 

It has been, however, observed that the tires of the wheels, especiall; those of the tender, and 
the iron brake-blocks used at present, acquire very quickly, not only the shape shown in Pig. 1226, 
but often deep grooves are cut around the whole oircnmferenoe of the tires. The«e grooves are 
prodnoed either ny grains of aand, which find their way between the tires and the b^^e-blodks, 
or by imporitiea of the iron. In order to prevent tlus disadvantage, M. fitilmant has proposed 
brake-blocks of cast steel, shown in tronsvene section. Fig. 1227. The surface irf these blocks 
which comes in contact with the tires of the wheels, is divided into two equal pe^ta of S2 milli- 
mHrea width ; the central groove has a width of 20 millimetre* and a depth of 88 millimitres^ 
which gives sufBcient room mr a current of air to pass through. 



1 
Tofitd by Cahulallon (A< Pre$ture and Power of thit Brafci.— It will be seen from Fig. 1228 that 
the brake Is composed of a combination of different simple machines, whioh can act each sepaiately, 
and transfer the prodnoed effect suooowively from one upon the other, and aocwnolate thus a very 
oonsideroble pressure, which it would be impoasible to obtain, under the same conditions, by one 
or the other of these simple maohince alone. 

The obtained pressure is very variable, and depends chiefly upon the power 
eierciaed by the guard upon the handle or wheel of the screw. 
Beferring to Fig. 122B, and putting 

R ^ 0—220, tbe lengUi of the handle or the radini of the bmke-whool ; 

r =0—028, the radius of the brake*orew; 

A =0°>'044, the thread of the screw; 

/ = ■ OS, the ooefflcient of friction rf the screw ; and 

P = 80' , the force of the guard on the handle or the wheel i 




e get ns the work of the screw the pretsnre Q = — x ^^ ! ^~ -^-^ : the given values being sub- 



The effective veight of the aiupeiuioD-roda cc — 1& bu to be ndded to thii preaanre. bo tl 
the total Force &t the end of the lever A is equal to Q = F, = 726 + 16 - 7*4 Idlogmmmea. 
C^iag, therefoie, 

L =2-" 065, the length of the lever 6; 

1= 80^ , ita own weight reduced to the centre of gnvitj ; 
, = O^'STO, diat&noe of o«ntre of gravity from the centre of the horiiont&l shaft; 
I =:0°"965, length of the small levers; 

Pf = IS**, wei^bt oFthe lever rednoed to its centre of gravity; and 
(, = 0" ■ 200, dietoncs of centre oE gravity from the centre of the horizontal shaft ; 

the prenore produced by the lever is equal to Q, = — —-! — ^L '; or Bubatituting agi 

74 4 X 2 065 + 80 x 0-97 + 18 x 02 
0-3G5 
IdlogrsJDniea. 

Adding again the effective weights of the BuspeDBion-ioda n n, of the bolts for the joints of the 

wedgiie, &c^ equal to 53 kilogrammes, we get the total pressure produced upon the wMges, 

Q, ^ P, = 1432 + 53 ^ 4485 hili^rammes. 

Taking, flually. the angle formed by the two parts of the wedges at the moment the broke is 

applied, a - 19', therefore « = 80° 30', and /, - 0'18 the coeffleipnt of friction of the wedges, 

--- - fl + 2/i +/,'ta.ig. fi ^ p ^ 

which gives a pressure npon each broke-block of ^ = — 7 — =: 3026 kOogrammes. 

This pressure is considerably incita««d by the impulse given to the blockH from the wheels aa 
they rotate ; aoeording to experiments mode with the pressure or ooupling tods ■ a. it can be taken 
as 4500 or 5000 kilogrammes. Now, if the coefficient of friction of the block be put equal to 0'4, 
the effort of this friction will be T = 4500 x 0-4 = 1800 Mlogiammes, which is much greater than 
the adhesion of the wheels. 

li'rM regaired /or the Action of tls Braie, — Although the stopping of wheels by means of screw- 
btokee is generally considered a Blow operation, yet stopping o train by Stiloiant's system is aa 
exception, on account of the ropidity of its action, which is as prompt as in the best eonstrDctioDs, 
while at the sane time it possesses many other advontages. Besides, the small space between the 
brake-blocks and the tires of the wheels very much facilitotea the quick and effective action of 
Btilmant's brake. 

Supposing now that in o well-oonetracted brake the distance between blocks and tires is 
equal to 0" * 003, and taking the play between the aile-boxea and the plates in which they move 
to equal 0**003, we find :— That the Friction between the blocks and the tires of the wheels only 
eommenoee when Uie blocks will have paned through a distance of 0'"-003 (n); and that the 
braking of the wheels tokee place immediately after a distance of 0~'006 (which may be less) U 
passed (A). 

" is UiDS neceeaarv to determine the distance B B, = G C,, Fig, 1229, which tho wedges have U 
■ - re the blocks t( ■ ■' ' ' 



the given values. Q, = '""'"" ^ "IT " ^ """ ' = 4481'e7, or Tory nearly 4432 



a get altogether the considerable ptesanre of Q, =^ - 
8 + Ol S'xtang 
X tang. 80" SO') 



travel before the blocks tonoh the wheels. 



■ Forthi8pnrpo8eweandintbetriangleEDP,atfirst,thatE = | = ir30',andDF = 0— 003; 

next, that E = -^ = 9° 30', and D F = 0^003; nnd consequently (n) for the eontaet between 
bleaks and tirca: EP=BBizDP cotang. E, or BB, = 0-003 cotang. irSO' = 0<"'01472. 
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whence the distanoe travelled by the end of the long lever &, H E = 



0014 X 2-065 



= 0™0884, 



0-365 

or the number of revolutions of the handle of wheel, if the thread of the screw is equal 0*"-044, 
00834 



n = 



0044 



= 1-9 revolutions. For the stopping of the wheels (6), E F = B B^ = D F ootang. E, 



B B, = 0-003 cotang. 9^ SO' =: 0*"- 01793, whence the distance travelled by the lever, 

•1014, 



-,_ 0-01793x2-065 ^ 

K J = ^r^rzrz = 0' 



0-365 
and the number of revolutions of the handle or brake-wheel n = 



0-1014 



s 2-3. Thus the total 



044 

distance through which the end of the lever 6 has to move will be H J = * 0834 + * 1014 = 0*" - 1848, 

0-1848 
or n = -fTrnTT' = 4-2 revolutions, requiring about 10 or 12 seconds. An express train, running 

60 kilometres an hour, or 16"" 66 a second, can therefore be stopped by means of two of Stilmant's 
brakes upon a length of less than 500 metres ; this result has been corroborated by experiments. 

Construction of, and Work done 6j/, the Principal Parts of the Brake. — Amongst the many parts 
which compose the mechanism of the brake, there is a certain number, the dunensions of which 
ought to be carefully calculated. These parts are : — ^The shank of the screw (a); the rods trans- 
mitting the pressure of the screw to the lever (6) ; the main lever (c) ; the two small levers ((/) ; 
the brake-shaft {e) ; and the coupling or pressure rods (/). 

Screw of the Stem or Shank of the Brake (a). — Suppose the minimum diameter of the stem of the 

R J 
screw, Fig. 1230, be 0™* 035, and taking the same values given above, we get P r = —^ , or sub- 

* , whence B, = _ ^ ; or introducing the values. 



ird* 



stituting for — its value = -r^- 1 P r = 
n ID 



16 



rf» 



16 X *)0 V 0*22 

784400 kilogrammes, or about Ok -800 to the square miUimetre. Taking 



3-14x0035» 
the modulus of elasticity for the torsion, G = 6600000000 kilogrammes, we find the angle of 

torsion, t= J^ ; or substituting again for J its value = -^0-098 (f*, t= ^ , or 



t = 



30 X 0-22 X 1-5 



0-098 X 0035* X 6600000000 

1230. 



= 0°-0102, that is to say, 0° 0' 36" 7. 
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™f 



Boda Transmitting the Pressure to the Lever (6), Pig. 1231. — The pressure which has to be trans- 
mitted, as has been shown previously, is equal to 744 kilogrammes ; therefore for each pair of rods 

744 
(there being always two) -^ = 872 kilogrammes. We thus obtain P L« = ir* J E ; or substituting 



6>A 
for J its value = -rr- , 



PL« = 



««6»AE 



whence £ = 



12 PL* 



12 ' m»b^h 

When the corresponding values are introduced, we have 

E = o A!^5^Lr^?n.n = 1018546500 kUogrammos. 
8-14« X 0-02» xO-045 * 

P T P Ij 

Now, E = ~— , whence • = -?-= ; or substituting the values, 

372 X 0-9 



t = 



= 0«- 000365. 



0-0009 X 1018546500 
• is the shortening and A the area of the transverse section of the rod. 

The Main Lever (c), Fig. 1232. — The force acting at the end of the lever is again, as in the case 
above, P = 744 kilogrammes, besides the weight p of the lover, which acts at its centre of gravity. 
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The equation for equilibrium will be (P + } p) I^ = — ; or substituting for — its Value, wo 

fi 11 

obtain, for the section taken in the central axis, (P + } p) L = ^— — ^ , whence 

_ 6A(P + tf)L 6 X 0-17 X (744 + 40) x 2068 _ tiln«^m«. 

*- 4(A»-A,») • **^ = 013x(017»-009») = 8036100 kilogwmme., 

say about 8 kilogrammes to a square millimetre; for the section taken before the centre, 
/i>j 1 XT ^^^* u x> 6L(P + Jp) _ 6x1-98(744 + 40) «,--^, •., 
(P + i p) L = -^^, whence B = ^r^— » <>' » = — 004 x Oir "" ^ 

grammes, that is to say, about 8 kilogrammes per square millimetre. 

The flexure of the lever is obtained by the formula / = — . \, — , or 

4 X 784 X 2-065« 



/ = 



■jr-pj^ = 0*'007; say, 7 millimetres. 



20000000000 X 0-04 x 

The Small Levers (d). Fig. 1233.— There are also two of these leverB, and they are formed like a 
fork. The strain upon each of them will be 

t(P + i 1>) LT r(744 + 40) X 2-0651 , „„,„ ^., 

B J J 

and the equation for equilibrium is thus again (P + il>) / = — ; or substituting for - its oorre- 

a H 

sponding valne, wo get, for the aeotion at the oentre, (P + ||>,) I = ^' , vhenoe 

„ (P + iP.)6Af (2213 + 4-5) x 6 x 0185 x 0-865 _ ^^ K1n»«™m^ tw s. 
» = 6(A»-V) ' °' * 0-1370T35»- 00850 ^^ falogrmmmeB, thMi. 

to say, 2^-633 to the square millimetre; for the section before the centre, (P + ip) / = — ^— ^ 

« (P + iPi) X 6/ „ (2213 + 4-5) X 6 X 0-298 ,,««^«,«^., ^ , 

whence B = ^ ^ Ykt » °' ^ =^ 003 x 0-13* ^ 7824240 kUognunmes, or about 

8 kilogrammes per square millimetre. 

r«v ^ ..^ . „,. ^ (2213+4-5) x4x0-365» ^ ^^„ 

The flexure of these leyers wiU be/ = gOOOOOOOOOO x 003 x 0-135» = ^'^^^ 
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Brake-Shaft (e\ Fig. 1234.— The brake-shaft is submitted to two different strains, the one 
acting by flexure and the other by torsion. The first one id insignificant, and we shall only 
consider the other. 

The moment of torsion for the part /j is M = (P + }p) r — which has to be kept in equilibrium 

Jj 



_ B, J _ B, 



d» 



= 8873470 kilogrammes, 
or very nearly 9 kilogrammes to the square millimetre. 

For the part / of the shaft, the moment of torsion is M = (P + ^p) rj- , therefore, as above, 

(P + iP)r j^=-i6-.^^««5eB,= j3_^ , 



by the moment of resistance, M = ^^i-^ = \" . We get, therefore, (P + 4p) 

n 16 

whence B. = 2±*J^, orB. = ^^** + "^ !>°l!°? ? "'^ 
' »d»Ii ' ' 8*14 X 0'08d*x 1*5 



_ (744 + 40) X 16 x2065x051 ..„,„ , ., 

®' = 3-Uiry085iirr5 = **'"** WogrMnmes, 



say 4^-5 per square millimetre. 

Finally, taking G = 6600000000 kilogrammes, we find for the angle of torsion, 
. _ (P + ip)r//, _ (P + ip)r//, _ (744 + 40)^x^2^065 x^-99 x 0-5 1 _ ^.^-^, . 

JGL " o-098rf*GL ' OOSaxO-O^*^*^ '^'^'^'^^'^'^^ ^ ^•''~ ' *" 

about < = 0^ 0' 58"* 



085< X 6600000000 X 1*5 
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Coupling or Presmre Rods (/), Fig. 1235. — ^The preesure upon each brake-block has been pire- 
vionsljr ascertained to be 4500 kilograinmes. 

1236. I 



A^ 



^— t 



T 



The eqTiation of the equilibrium of these rods is P L* = v* J E ; or sabstitnting for J its 

PL« 



value = «r ** = 0-0491, we find P L* = ir« 00491 d« E, whence E = 



64 



ir«0049l<]f*' 

„ 4500 X 2-030 o,/.ft«AA/v«/. 1 M 

E = 6-i7i — A T^nT- - iCi^^^ = 2100000000 kilogrammes. 
3-14* X 0*0491 X 0*055< ® 



or' 



Now, • = 



PL PL 



AE ■" r«»E' 



or = ^- 



4500 X 2-030 



0-0275* X 3-14 X 2100000000 



= 0»-0019. 



In conclusion, we give diagrams representing some of the different types of brake frequently 
used. 

Fig. 1236 shows the arrangement of a brake applied to tenders on the Western Bail way of 
France. This brake shows at the same time with wnat facility eight brake-blocks may be adopted 
instead of two. 



1230. 




Fig. 1237 shows the brake for the goods wagons on the Eastern Railway of France. 

1237. A_ 




Fig. 1238, brake as adopted on the Northern Bail way. A screw with a thread of only 12 
millimetres transfers the pressure directly to the wedges. 



1238. 



1239. 




Fig. 1239 shows a hand-brake, acting either upon one wheel only, or upon the two wheels at 
the same time. 

2q 
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The weights of the brakes of these different systems are : — 

1. For the brake of the tender, Fig. 1236, with eight brake-blocks, abont 800 or 950 kilb- 
grammes, of which 200 kilogrammes are of cast iron. 

2. For the tame brake with four blocks only, between 700 and 800 kjlogrammes, of which 
about 150 kilogrammes are of cast iron. 

3. For the brake of the goods wagons, as shown in Fig. 1237, between 600 and 650 kilo- 
grammes, of which about 90 kSogrammes are of cast iron, and 

4. For the hand-brake, Fig. 1239, between 240 and 260 kilogrammes, of which %0 kilogrammes 
are of cast iron. 

Numerous brakes have been invented for stoppine railway carriages, but nearly all of them act 
upon the feame general principle, and are simply different methods of pressing blocks of wood 
against the circmnferenoe of the wheel, so as to stop its revolution, and cause the tire to slide upon 
the rails. 

If the wheels are all stopped, the friction of the weight of the carriage sliding upon the rails 
is the whole amount of braking power that can be obtained by any of the plans ; and the different 
methods used to accomplish this add no power for stopping the carriages, but are only different 
ways of pressing the brake-blocks against the tires, for the purpose of ensuring greater rapidity, 
certainty, and uniformity of action, reducing the expenses of repairs, and the jarring on the car- 
riage — or to make the brakes self-acting, or worked in combination. 

The principal object to be obtained is to have the blocks always pressed square against the 
wheels, and with a uniform pressure on all the wheels of the same carriage or wagon ; unless this 
is effected there is great difficulty in stopping the wheels, and much straining is caused upon the 
carriage. In the earlier brakes the block is suspended by a vertical lever from the frame of the 
carriage or wagon, as shown in Fig. 1240, the block A being shaped to the circle of the wheel ; but 
the varying height of the frame of the carriage, from the variation in the weight of load acting on the 
springs, causes much inequality in the fitting of the brake-block to the wheel, from the relative level 
of the brake-block and the wlieel being changed, as ^own by the dotted line B B ; also, the action 
of the springs is stopped by the pressure of the brake, causing violent jarring and concussions, 
injurious both to the carriage and the road, and being very annoying to passengers. 



1240. 
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SlidlDg Brake. 



1242. 




Hangiug Bi-ake. 

The slide-brakes, like those. shown 
in Figs. 1241, 1242, were invented for 
the purpose of remedying these de- 
fects. The relative level of the wheel 
and the brake-block is preserved un- 
changed, by the brake-block A sliding 
horizontally upon a bar B B, which is 
carried by the axle-boxes at each end, 
C ; a difficulty is experienced, however, in preserving an equal pressure on all the brake-blocks, on 
account of the unequal wearing of the different bearings. 

Davis' brake. Fig. 1242, consists in the arrangement of a series of levers, rods, and springs, 
which are made to operate upon the brakes ; so that when the locomotive ceases to propel the 
train the brake is applied to the wheels, and released when the locomotive is started. The sliding 
action is effected by the use of rods ;', A, /, m, which are thrown into or out of action by the 
oatch y. The reciprocating motion is maintained by compound levers acted upon at x, and springs 
placed at x z. 

All the above brakes have, however, the serious objection that flat places are worn upon the 
tires of the wheels, by sliding upon the rails ; and the wheels oonseauently become, to a certain 
degree, polygonal. Any deviation from the circular form of the wheel becomes a serious source of 
injury both to the rails and the wheel, from the amount of concussions caused by the great velocity 
of rolling, and the great weight carried ; this also causes increased expense in the wear of the tires 
and rails. 

In Lee's brake. Fig. 1243, the wooden brake-block A is made of a triangular form, and is 
pressed both against the wheel and the rail by the lever B, which is centred upon the nave of the 
wheel C, by means of a ring or collar fitting in a circular groove cut round the nave ; the rubbing 



BRAKE. 



595 



1243. 



face of the wood block u shod with copper or iron. The connecting^-rodti D D have adjiuting- 
flcrewB, to preserve the relative position of the brake-block A and tne wheel, aa the sorfiace of 
the block wears away. 

The mechanical arrangement of this brake, 
it will be perceived, does not admit of sufScient 
pressore being applied against the wheel and 
the rail to form an efficient brake ; bnt even if 
the pressnre were soffioient to stop the wheel, 
the same objeetion would still apply as in the 
ordinary brak& namcdy, flat places wonld be 
worn on the wheel. This brake was tried on 
one or two railways, bnt has not come into nse. 

Adams's brake. Fig. 1244, consists of a 
sledge A A sliding upon the rails, upcMi which 
the whole weight of the carriage is thrown by 
lifting the wheels off the rails. The sledge A A 
is a long piece of iron, with a flange at each 
end to guide it on the rails, and is suspcoided 
by two links B B from the iron bar G, which is 
supported by the links D D, and bears against 
the under-side of the axle-box at each end, E E ; 
the links B B are in the form of a parallel rule. 




Lee's Bnke. 



and when they are straightened by the action of the lever, the sledge A A is pressed upon the 
rails, and lifts up the wheels from their bearing on them. This brake saves the wheels from 



1244. 




being worn flat ; but it requires great power to put the whole weight of the carriage upon the 
sledge, and is consequently slow in action; and there is also an objection to it in having the 
wheels hanging without any support when the brake is in action. It has not come into use in 
England, but several brakes on this principle have been used in Belgium for some time pre- 
viously. 

Handley's brake, Fig. 1245. This brake is on the same principle as the ordinary skid used on 
common roads ; the two iron arms A A are carried by the axleB, upon which a brass nng H is fitted, 

1246. 




ff*^^^ 



turning round the axle ; and at the end of these arms are fixed the shoes or skids G G, one of which 
is made to pass under the wheel, whichever way the carriage is running, raising it from the rails 
by turning the lever round upon the axle. The shoe is made the breadth of the tread of the wheel, 
without any flange, and the wheel is lifted only about | of an in. on the average, so that the flange 

2 Q 2 
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of the wheel continues as efficient and secure a guide upon the rails as in the ordinary case of a 
wheel stopped from reyolving by the pressure of a brake-block. The shoe is made in two pieces : 
the upper one, G, is forgod on to the arm A, and the lower piece, D, which forms the skid, is 
hinged to it at tiie end. The object of this construction is to prevent the shoe from touching the 
wheel until it is required to be put in action ; the joint opens about | of an in., and the shoe falls 
away from the wheel when it is lifted, being stopped by the bolt £, which limits the extent of its 
opening ; and round this bolt is placed a sliort spiral spring, to keep the joint open, and prevent 
it from shaking when the carriage is running. 

The wear of the shoe is provided for by inserting two small dove-tailed pieces, F and G, at 
the points where the wear takes place ; these pieces are slightly tapered, and are driven into their 
places from the inner side, being burred or riveted on the opposite side, where they remain firmly 
fixed, having no tendency to work loose. The lower piece is of wrought iron, wluoh is found to 
answer best for the purpose ; the upper one, F, which carries the wheel, is of cast iron. It has very 
little wear upon it, but is changed occasionally for a piece of greater thickness, to allow for the 
wear of the shoe-plato G, and preserve the total thickness of the shoe, within very little variation^ 
so as to prevent much difierence in the height that the wheel is lifted from the rails. 

This brake is easily and quickly applied, by means of the lever L acting on the upper arm of 
the brake K, as the carriage runs upon the shoe when it is pressed under the wheel. The ordinary 
brake-screw, lever, and cross-shaft, are available for working this brake. 

The brake. Figs. 1246, 1247, invented by D. Goodnow, of Albany, U.S., is very ingeniously 
arranged. The object the inventor had in view was to obviato those accidents that arise from 
applying the brakes of a railroad car to the outer sides of the four wheels of the truck, by a 
compact arrangement of the brakes in the centre between the wheels of the trucks, thereby 
exposing them to less danger of breaking, or their parts becoming detached. This arrangement 
further consists in so constructing the brake-bars, in combination with the jaw-braces of the 
trucks, that in case the bars are broken they cannot fall to the track and obstruct the wheels ; 
further, in operating the two brakes conjointly by the direct endwise thrust of a short con- 
necting-bar, both brake-blocks are made to act upon the wheels simultaneously. 



1247. 
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The brake-bars F, F, Fig. 1246. extend beyond the jaw-braces /, /, to which they are connected 
by the yolks t, i. In Fig. 1247, E represents the position of the plank or hang-frame in relation 
to the brake-bars F, F, and the guide and safetv rods k, k. How the brake-bars F, F, lever G, G', 
connecting-bar N, car-bearing E, and truck wheels B, B, are combined and arransred, is clearly 
shown in Figs. 1246, 1247. o ^ j 

Now we propose to place the subject of this article in a clear light, and in a plain practical 
form ; since it has been handled in an erroneous, an obscure, or a slovenly manner, by most mechanical 
writers and experimentalists. 

A carriage on a level railroad only requires a pressure of about -^ part of the moving weight 
to give it motion, or from 4 to 8 lbs. a ton. The fraction ^ is called the coefficient of friction ; 
as these coefficients become smaller, the rubbing surfaces ^^me smoother. All constant resist- 
ances may be expressed in a similar manner. 

The work of every machine is consumed by the work done, or by the useful work, together with 
the useless work, or the work destroyed by the friction of the parts of the machine. We will here 
explain one of the most beautiful laws of motion : When the work applied exceeds the work con- 
sumed, the redundant work goes to increase the speed of the parts of the machine, and at the 
same time, like the fly-wheel, acts as a reservoir of work. This acceleration goes m increasing 
until the work of the resistances + the useful work = the work applied; and then the motion of the machine 
becomes uniform. 

For example, in a railroad engine and train, at first the work of the engine exceeds the work 
of the resistances, and hence the speed of the engine goes on increasing; but, as the speed 
increases, the work of the resistances also increases, so that ultimately the engine attains a nearly 
uniform motion, which is called the greatest or maximum speed, and then the work destroyed by 
the resistances will be exactly equal to the work applied by the moving power. A few simple 
examples will make this law dear. 
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Ques, — Required the effeotive horse-power of a locomotive engine which moves at a steady speed 
of 23 miles an hour upon a level rail, the weight of the train being 100 tons, and the constant 
resistances amounting to 5 lbs. a ton ? 

Put X = the required horse-power. 

The work of the engine a minute = x x 33000 units of work. 

The resistance = 5 x 100 = 500 lbs. 

23 X 5280 

The distance moved a minute = :^ = 2024 ft. ; or 33|* ft. a second. 

dO 

Work to overcome the constant resistances, in a minute = 2024 x 500 = 1012000 units of work. 

But as the speed of the train is uniform, the work of the resistances will be equal to the 

effective work of the engine : 

1012000 
/. X X 33000 = 1012000 .-. x = ^^^^ =30*7 horse-pewer. 

OdUUv 

Now suppose the uniform resistances and the power of the locomotive to be removed, then the 
train would move for a short time with a velocity (v) of 33f^ ft. a second, but would come to rest 
after passing over a space (s) of 7900*888 ft., when opposed by the constant resistance (/) of 
500 lbs. on the level rails. 

If the constant resistance (/) be 1000 lbs., this train would come to rest when a = 3950*444 ft. 
When / = 2000 lbs., then a = 1975*222 ft., and so on. The units of work conserved in a body 

• W t>* 

weighing W lbs., moving with a velocity of v ft. a second, is equal to — x i^ • ^^ Byrne's 

^i^sential Elements of Practical Mechanics,' p. 97. In this case ^ = 32*2 lbs., the supposed 

W 

weight of a unit of mass. — is termed the mass of a body whose weight is W lbs. 

W c« 100 tons X 2240 (33U)« ^^^^^^^ ., . , 

Whence — x -^r = s^-s ^ ^^ = 3950444 units of work ; 

g 2 32*2 2 

and/«= 500x7900*888 = 3950444, 
or/s = 1000 X 3950*444 = 3950444, 
or/» = 2000 X 1975*222 = 3950444, and so on. 

Ques, — ^What is the rate in miles an hour of a train of 80 tons, dravm by an engine of 70 
horse-power, when the constant resistances amount to 8 lbs. a ton ? 

Call X the uniform speed in miles an hour. 

Work used in moving the train x miles = 80 x 8 x 5280 X x ; this is the work done by the 
engine in an hour. But the work done by the engine in an hour will also be expressed by 

33000 X 70 X 60 : 

%)000 X 70 X ftO 
.*. 33000x70x 60 = 80x8x5280 X a:; .*. a? = — - — -— -- = 48 02 mUea 

oU X o X uZoU 

When the propelling power ceases to act, and a constant resistance of 11200 lbs. (/) (five 
tons) is applied, then this train will come to rest after passing over a space (s) of 894 ft. Since 
the uniform velocity (o) in this case is 60 ft. a second, 

W t^« 80x2240 (60)» ,^,-oao •♦ r i, 
.*. — x — = — -^^rr-T — X -^7^ = 10017392 units of work ; 

but, / X » = 11200 X 894 = 10012800 units of work. 

Ques. — An engine of 48 horse-power moves with a maximum speed of 33 miles an hour on a 
level rail ; required the gross load of the train, when the constant resistances amount to 6 lbs. a ton ? 

Let X be the gross weight of the train in tons ; then the work consumed an hour in moving the 
train = x x 6 x 33 x 5280. 

Work of the engine an hour = 48 x 33000 x 60. 

When the speed is uniform or at its maximum, or x 6 x 33 x 5280 = 48 x 33000 x 60; 

48x83000x60 „^,^^ 

/. X = — ; TT^Trr- = 90f? tOUS. 

6 X 33 X 5280 ^* 

W v* 1000 2240 (48*4)« „ 
In this example/s = 7407307 units of work = — x — = -7^ x -5^7^ ^ o • Hence a 

constant resistance (/) of 3000 lbs. will bring this train to rest after it has passed over a space (5) 
of 2469 * 102 ft., for / » = 3000 X 2469 • 1 02 = 7407307 units of work. 

iiuea. — In what time will an engine of 66 horse-power, moving a train of 200 tons, complete a 
journey of lOU miles, friction and other constant resistances amounting to 5 lbs. a ton, rails 
horizontal ? 

Work expended in moving the train 100 miles = 100 x 5280 x 200 x 5 = 528000000. 

Work of the engine an hour = 33000 x 66 x 60 = 130680000 ; 

528000000 ^ ^, , 
,^^^^^^^^ = 4*04 hours. 
130680000 

X .. ««o*. J jW 200x2240 

In this case c = 36*3 ft. a second, and — = ^---- ; 

g 82*2 

W e* 
/. /« = — X — = 9166539 units of work, 
9 2 
This work is conserved in the train, and exists in the train independent of the power of the engine 
and of the opposing resistances. 

The following summary of experiments made to test the retarding power of different railway 
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brakes is taken, with some alterations and explanations, from a paper by W. Fairbaim, printed 
in the * Proceedings of the Institution of Civil Engineers,' vol. xix. Suppose a train impelled by 
a locomotive eng^e nntil it attains a uniform velocity v in feet a second ; that then the brakes 
are applied, and the train brought to a stand after passing a distance a in feet : it is required to 
find a measure of the force by which the momentum has been destroyed. Inasmuch as the brakes 
act by friction, which may be considered, with sufficient accuracy, to be uniform throughout the 
operation of braking, the train may be assumed to be stopped by a imiformly retarding force 
acting through the space s. If the retarding force in this case is called /, consisting mainly of the 
friction of the braked wheels, and, for simplicity, including also the friction of the axles, resist- 
ance of the air, and other constant resistances, then 

But supposing, as is generally the case, that the retarding force of the brakes is proportional to a 
part of the weight of the train only, that is, that the retarding force generated vanes as the weight 
on the rubbinff surfaces, and supposing the brakes to be applied to a few carriages only, putting 
10 for the weight of the brake carriages in tons, and W for the weight of the train, then 

which gives the retarding forotf to each unit of mass of the brake carriages. 

It will be convenient to reduce this force to terms of weight instead of mass. Gall /, the 
retarding force in pounds a ton weight of the brake carriages, then 

2240 
/.=/iX^:^ = 69-587/,: [3] 

— X2244 

that is, /s « = X ~ = the units of work done in resisting the constant force (/,) through 

9 2 

aspaceW; i^o'^H ^ 2 ^^'''^^^ ^ ^ §m'^ 2 '^^'' « "»d » are variables, but W, 
IT, g, are constants. 

Again, supposing that, instead of being on a level line, the brakes are applied on an ineline. 
Then the action of gravity will cause the train to go farther, if it is descending the incline, or to 
stop sooner, if ascending, than if the line was level ; and gravity is a uniformly accelerating or 
retarding force, as the friction of the carriages. Hence the net result in distance and velocity of 
a train stopped on an incline mav be supposed to arise from two forces: /, a retarding force 
dependent on the friction of the braked wheels ; and ^, a retarding or accelerating force dependent 
on gravity, and assisting or opposing the action of/, according as the incline rises or falls ; thence 

Now, the value of ^ in terms of the inclination 6 of the plane to the horizon is known, for if c; 
be the velocity generated bv the gravity in one second, ^ = g sin. 0; or putting z for the vertical 
height faUen through by the train between the time of applying the brakes and stopping the 

train, ^ = ^1; 

.*. / = 5- ± ^ sin. e = — ± ^ — ; 
2» 2« * « 



or, 



/. = 5^Mf±£f = e9-587A. ■ en 

g a 

where the + or — sign is to be adopted, according as the gradient faUs or rises. 

In the increase of the brake-power of trains, the principles hitherto most sucoessftilly employed 
have been, — first, the use of steam acting direct on the brakes ; secondly, tiie connection of 
several of the ordinary form of brakes, so as to unite them under the control of a single brakes- 
man ; and thirdly, the introduction of brake apparatus connected with the buffldrs, so as to make 
the momentum of the train itself available in generating a retarding force. 

M^Gonnell's brake, which is applicable only to the engine, consists of two wrought-iron 
sledges, each 48 in. in length and 4 in. in breadth, and turned up at the ends. These sledges 
are suspended from the lower side of the fire-box, between the driving and the trailing wheels of 
the engine. The pressure is placed on them by admitting steam from the boiler into two cylin- 
ders, each 9 in. in diameter, placed horizontally, one on each side of the fire-box, above the 
sledges, and forcing these latter down upon the rails by means of an elbow-joint. The pressure 
can be applied to either side of the pistons in the cylinders, according as the brakes have to be 
raised or depressed. The pressure of the sledges upon the rails, calculated from the pressure of 
the steam in Yolland's trials, would amount to about 6 tons. On the weighing machine, however, 
the actual pressure was found to vary from 4 tons to 9 tons, or a mean of about 7 tons ; and these 
anomalies Yolland was unable to solve. The principal advantage of this brake appears to be that 
it is immediately applied without exertion, and is under the control of the engine-driver, who in 
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most cases is the first to perceive any obstmction on the line. It will be seen, however, that 
although efficiently generated, the amount of retardation caused by this brake is comparatively 
small, and, as Golonel Yolland concludes, insufficient to prevent coUision in those cases in which 
its use would be speciallv desirable. 

Newall's and Fay's brakes, which in their present condition are identical in principle, are 
distinguished from other brakes by this — that two or more carriages, or, if necessary, the whole 
train, are fitted with brake-blocks, all of which are brought under the direction of one guard by 
means of a longitudinal shaft, which transfers the motion of the guard's wheel to the brakes 
throughout the whole length of the train. Li this way a great increase of retarding power may 
be obtained proportional to the weight of the carriages to which brakes are applied, and with this 
further advantage, that the retarding force is distributed equally throughout the train, instead of 
being accumulated at either end, and thus the shock upon the wheels and axles is much dimi- 
nished. Newall and Fay have also adopted a partially self-acting apparatus of ilprings, by means 
of which the brakes are applied throughout the length of the train on the simple release of a catch 
by a guard. 

In Newall's brake, the motion of 'the guard's or the engine-driver's wheel, since either or 'both 
of these may have the control of the brakes, is transferred, through the medium of a short vertical 
shaft in the van or tender, to the longitudinal shaft placed beneath the carriages of the train, by 
a pair of bevel-wheels, or by a spur-wheel and pinion. The longitudinal shaft passes either 
beneath the centre or at one side of the carriage, under the framework ; and it is connected by 
simple, but very effective, jointed couplings between each pair of carriages, so as to permit the 
free action of the buffers, and the rise and fall of the carriages with the inequalities of the line. 
Near to the middle of the carriage a bevel-wheel is fixed on the longitudinal shaft, which is 
toothed into a similar one on a short cross-shaft, carrying also a spur-pinion geared into a hori- 
zontal rack. Thus, on revolving the guard's wheel, this rack is dniwn back, withdrawing at the 
same time the principal arm of the rocking-shaft, at the centre of the carriage, and compressing 
a spring placed on the other side, to both of which the rack is attached by a simple connecting- 
rod. In this position the brake-blocks are off the wheels, and the brake is ready for use. K the 
bevel-wheel or pinion in the guard's van, or tender, is now released, or lifted out of gear by a 
lever or treadle, the springs throughout the train will force back the arm of the rocking-shaft, 
which carries the levers that press the brake-blocks on the wheels. If it is required to put on the 
brakes harder, and to skid the wheels, the treadle is again released by the guard, and the pressure 
increased by revolving the wheel in the ordinary way. In other words, Newall and Fay pro- 
vide • number of springs, or in some cases weights, under each carriage, in which is stoxed up, 
ready for instantaneous use, a stock of brake-power, derived from the one guard acting througti 
a longitudinal shaft, communicating with every brake by means of an arrangement of spur-wheels 
and pinions. From this it will be seen that on any emergency the retarding force may hd instantly 
emplryed by simply releasing a catch, which permits the brake-blocks to be forced upon the 
wheels by the springs throughout the train. 

In the class of brakes in which greater retarding power is obtained by increasing the number 
of br»ked carriages and combining their action, the systems just described appear the best and 
most comprehensive hitherto adopted. Fairbaim mentions that he received from E. W. Watkin 
the datails of some experiments on an auxiliary brake carriage designed upon a different plan. In 
this case, an ordinary brake arrangement is employed, with a double elbow-joint, to which a long 
vertical lever is attached, moving in an arc against the side of the van. A rope from the end of 
this lever is conveyed to the tender, or the guard's van, and is attached to a drum on the axis of the 
ordiiary guard's wheel. Hence, when the guard or the fireman revolves his wheel to put on his 
own brake, the rope coils upon the drum, drawing back the lever, and thus putting on the 
auxiliary brakes at the same time. 

Belonging to the third class of brakes before enumerated, in which the momentum of the train 
Itself is employed in generating the retarding force, there is only the brake of M. Qudrin, which 
is entirely self-acting, and is brought into use by the recoil of the buffer-rods, when, by the appli- 
cation of the tender-orake, a retardation has been caused in front. Yolland thus describes this 
brake : — ^The buffer-rods at the after end of the carriage abut against a spring that extends across 
its width ; one buffer-rod acting against each end of the spring. This spring, instead of being 
fixed against the imder-framing of ihe carriage or the brake-van, is. movable in a groove. On one 
side the centre of the spring is secured to the draw-bar, and on the other it is attached to the arm 
of ft short lever, fixed almost vertically over the rocking-shaft; so that when the buffers are pressed 
in by the sudden check to the velocity— caused by shutting off the steam, by the application of the 
tender-brake in front, and by the momentum of the train in the rear — the buffer-spring is carried 
forcibly against the lever, the rocking-shaft is turned, and the brake-blocks are forced against the 
peripheries of the wheels. The brakes are prevented ttom being put on when a train is required 
to be shunted, by a cross-head or stop. But this provision interferes with the application of the 
brakes when the train is in motion at a low velocity. For such a speed it is assumed the tender- 
brake will be sufficient. 

These are the brakes upon which the experiments were made, and the results tabulated and 
classified. 

NewalPi and Fay'8 Coniinwiu Brrtkei,— In carrying out the views of the Directors of the 
Lancashire and Yorkshire Railway, Fairbaim arranged, in the first place, for a series of experi- 
ments on the Oldham incline, where two similar trains of carriages, one fitted throughout with 
Newall's and the other with Ftaiv's brakes, were started alternately. After passing over a measured 
distance by the action of gravity, the brakes were applied, and the distance within which the 
trains were respectively brought up was carefully ascertained, as giving the measure of the 
brake-power of the trains. lEach. train consisted of three weighted carriages, and they were 
started by simply releasing a stop. Having descended, by gravity, a previously-measured distance, 
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with a iinifonnly aceelerated velooity, they pacned oTor a fog^ngnai, which gare notice to the goaid 
to put on the brakes. Then the train having been brought to a stand, the distance from the 
point at which the train stopped to the fog-signal was measured back, and tiie traui was dragged 
up the incline for another triaL Unfortunately, the day on which these experiments were made 
proved misty and foggy, with rain at intervals, so that the rails were in tiie worst condition for 
facilitating the stopping of the trains. The significance of this fact will be seen on comparing 
these results with later ones obtained in dry weather. 

Table I. — ^Exfebiicsnts with Kewall's and Fat's Railway Bbakxs on the Oldham Ihcldtb, 

Febbuart 6, 1859. 

Weather foggy and wet ; gradient falling 1 in 27 ; weight of trains, 26 tons 10 cwt. each ; 

no engine attached. 



Fat's FtAP-BKAKUL 


NswAZx's Slzdk-Brakbsl 




TtmeofRuimiiig. 


Diatance RuL 


Ka 


Time of Running. 


Distance Ron. 


Na 


Bsfore 
Braking. 


After 
Braking. 


Before 
Braking. 


After 
Braking. 


Before 
Braking. 


After 
Braking. 


Before 
Braking. 


After 

Braking. 


1 
2 
8 
4 
5 
6 
7 

• • 


aeoonda. 
35 
40 
48 
58 
59 
62 
72 

• • 


aeoonda. 

• • 

13 
14 
15 
12 
25 
17 

• • 


yards. 
150 
200 
300 
400 
400 
500 
600 

• • 


yards. 1 
153 
250 
860 
499 
326 
739 
575 
• • 

1 


1 
2 
3 

4 • 

5 

6 

7 

8 


seconds. 
35 
40 
48 
56 
56 
62 
68 
63 


seconds. 
14 
16 
17 
25 
14 
19 
17 
32 


yards. 
150 
200 
300 
400 
400 
500 
600 
500 


yards. 
281 
836 
459 
608 
371 
663 
545 
798 



In experiment No. 8 the self-acting part of the brake only was employed. 

In these experiments the whole of the wheels were sledged, or skidded, before the train waa 
stopped. The self-acting arrangement of springs was fitted to. Newall's carriage alone. In the 
later experiments it was adopted also by Fay. 

Taking the mean of the number of secondB required in braking each train, in expeiinents 
Nos. 2. 3. 4, 5, 6, and 7, which were made under precisely corresponding circumstances in the case 
of eacn brake, and at similar velocities, it is found that the train was brought to a stand — By 
KewalFs brake, in 2*16 seconds; by Fay's brake, in 19*2 seconds; or about 2^ seconds of time in 
favour of Fay's. 

It will, however, be advisable to ascertain the precise value of the retarding force in eacl caae 
by the formuln already given. To effect this, the initial velocity of the train at the instcnt of 
applying the brakes must first be ascertained. For this purpose the least objectionable foimula 
and at the same time the most simple is 



28 

'^1 



[8] 



for taking the mean velocity between o, and c = - and - multiplied by t second = the distance 

A 2 

« ; .\ - X t = a; where v is the velocity in feet per second; a is the distance run, in feet ; and t 

is the time of running, in seconds. From this formula the following initial velocities of the ^Jri 
in feet per second, in the preceding experiments, are obtained : — 



No. 


Fay. 


1 


. 25-71 


2 


. 30- 


3 


37-50 


4 


. 41-37 



NewaU. 

25-71 
30- 
37-50 
42-85 



No. 
5 
6 
7 
8 

W 

to 



Fay. 

40-66 
48-38 
50- 



NewalL 

42-85 

48-38 

52-94 

47-61 



26-5 
26-5 



= 1, and therefore f =^ fu aid 



Hence, by eqiuition [6], since in this case 

/i = ; , the relative values of each description of brake, and their comparative efficiency 

in each trial, may be derived. The retarding force of each brake is found to be as follows : — 



No. 
1 
2 
3 
4 
5 
6 
7 



Pay. 




NewaU. 




1-9115 > 




1-3246 1 




1-7922 




1*6388 




1-8432 




1*7030 




1-7645 


Mean 1-8538. 


1-6946 


[ Mean 1-7436. 


2 0280 




2 0152 




1-7205 




1-7811 




1-9167 / 




2-0480 J 
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GiTing, as in the preyious oompariflon, the advantage to Fay, in the proportimi of 1*8538 to 
1 -7436, or as 1051 to 1000. The entire agreement of the results among themselves, and with the 
preceding comparison derived from the time, is sufficient evidence of the practical accuracy of the 
formula of reduction. The brakes stand, in these experiments, very nearly on an equality of 
merit. 

The experiments in the next Table were made at Southport, upon a line more nearly level. 
The speed was obtained by means of a locomotive engine, which was detached, at the instant of 
applying the brakes, by a slip-coupling. The velocity, which was maintained uniform over the last 
half-mile, was measured by noting the time required to pass two fog-signals, placed half a mile 
apart. The brakes, in every trial, were applied almost instantaneously, after the report of the 
second fog-signal, and the distance was measured after the train had come to a state of rest. 

Table n. — Exfebimknts with Newall's ahd Fat's Railway Brakes, on the Line between 

Liverpool and Southport, January 7, 1859. 

Weather fine and frosty; gradient rising 1 in 485 ; weight of trains, 26 tons 10 cwt. each. 



Fat. 


Nbwalu 


No. 


Time of 

Running 

i Mile. In 

Seconds. 


Speed, in 

Mllw 
an Hour. 


Velocity, 

in Feet. 

a Second. 


Distance 

OfPuUing 

up, in 

Yanls. 


No. 


Time of 
Running 
i Mile. In 
Seconds. 


Speed, in 

Miles 
an Hour. 


Velocity, 

in Feet 

a Second. 


Distance 

OfPuUing 

up. in 

Taxds. 


1 
2 
3 
4 
5 


42 

40 

34 

31i 

30 


42-85 

45- 

52-94 

3714 

60- 


62-86 

66- 

77-65 

83-81 

88- 


184 
206 
272 
313 
329 


1 31 58-06 85-16 

2 30 60- 88- 

as also another experiment. 

1 


240 
Lost, 


^r] «> 


60- 


88- 


960 



The second experiment with Newall's brakes failed, in consequence of the guard applying the 
brakes too soon ; and a third was lost from the fracture of the slip-coupling. 

When these results are reduced by the same formula, the following values of /i , representing 
the efficiency, or retarding force of each brake, are obtained : — 



ifo. 




Fay. 




Newall. 


1 




.. 3-5125 >! 




4-97 


2 




.. 3-4579 






3 




.. 3-6274 


\ Mean 3*6256. 




4 




.. 3-6738 






5 




.. 3-8566 J 







These experiments g^ve a superiority in favour of Newall's brakes, in the proportion of 4 '97 to 
3-6256, or as 1378 to 1000. 

The value of the retarding force, /, for the tender-brake, derived from the last experiment, is 
1-2791, and reducing this, in proportion of the weight of tne tender to the weight of the engine 
and tender, it becomes /| = 4-3455. 

At this period, Fay requested permission to attach a self-acting apparatus to his brakes, as he 
considered they were not fairly matched against those of Newall, when applied by hand. The 
experiments were, therefore, postponed for two months, to enable Fay to effect this alteration. 
They were again resumed on the 14th of April, 1859. 

Table III. — Experiments with Newall's and Fat's Railway Brakes, on the Line between 

Liverpool and Southport, April 14, 1859. 

Weather, dry during the first, with a slight shower during the remaining experiments ; 
gradient falling 1 in 3453 ; weight of trains, 27 tons 6 cwt. 



Fat. 


NSWALL. 


No. 


Time of 

Running 

1 Mile, in 

Seconds. 


Speed, in 

MUffl 
an Hour. 


Velocity, 

in Feet 

a Second. 


Distance 

of PulUng 

up. in 

Yards. 


i 

1 

1 


Time of 
Running 
i Mile, in 
Seconds. 


Speed, in 

Miles 
an Hour. 


Velocity, 

in Feet 

aSeoond. 


Distance 

of Pulling 

up, in 

Yards. 


1 
2 


661» 
53f 


31-8 
33-4 


46-7 
49-1 


12U 
124 


1 

• • 


58 

• • 


31- 

• • 


45-5 

■ • 


101 

• • 



* Engine attached and teiideT'lnake applied. 

Reducing the results, as before : /, = 3 -2329 with Fay's brake ; /( = 3*4161 with Newall's 
brake ; /, = 2-9956 with Fay's brake and tender-brake. 

Here the superiority lies with Newall, in the ratio of 1056 to 1000. The experiment with the 
engine attached, when reduced in the ratio of the weight of the train to the weight on the wheels 
bisJsed, gives/. =4*84. 

It wiU be oUerved that as the value of the retarding force of the brakes is here obtained in 
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terms of the coefficient of friction, for the rubbing surfaces, the efficiency of the brake varies with 
the condition of the weather. Thus the mean of the Oldham experiments gave a retarding force 
of 1 '7987 ft. per second ; the mean of the first experiments at Sonthport gave 4 '2978, and the mean 
of the second 3*3245. On each day the experiments were consistent with one another, but they 
differed widely, on different days, from the change in the condition of the rubbing surfaces. At 
Oldham, the experiments were made with the rails in a greasy condition, from fog ; at Southport, 
in the later of the two trials, with the rails slightly wet, and in the earlier, with rails dry, and in 
the best condition for braking. This is in accordance with the experiments of Morin on the 
friction of iron on iron, in which it was found that the coefficient of friction varied from 0*05 to 
0*8, according as the surfaces were greasy, wet, or dry. This consideration must be borne in 
mind in estimating the results ; and together with some improvements in the adjustment of the 
brakes, and the introduction of increased power, from time to time, will explain the diwrepancies 
which may beYound, on comparing the results obtained at different periods of the trials. 

The remaining experiments upon the self-acting brakes were all made under uniform and 
favourable conditions ; the weather was fine, and the wind blew each day from the west or the 
north-west. The resists, also, are uniform for these days, and there can, therefore, be no error in 
placing these experiments in the same Tables, and averaging them together. This classification 
wilL therefore, be adopted as more convenient, and they will be arranged under the follovring 
heads: — 

1. Experiments on the friction of the carriages. 

2. Experiments with slide-brakes, with the engine detached. 
8. Experiments with flap-brakes, with the engine detached. 
4. Experiments with the engine attached to the train. 

Eosperimenta on the Friction of the Carriages, — These experiments were made by running the 
train, as before, past two fog-signals, half a mile apart, to obtain the velocity, detaching the engine 
at the second fog-signal, and aUowing the train gradually to come to rest. 

TaBLS IV. — EXFEBDffBNTB WITH NeWALL'S AND FaY*8 KaILWAT BrAKES, ON THE LiKE 

BETWEEN Liverpool and Southport, June 2, 1859. 



Fay .. 

Newall 



Time of 

Ronntnv \ Mite, 

InSeooDdfl. 



40* 
44-5 



Speed, In Miles 
■n Hour. 



Distance ran, 

after applying 

Bnkefi, in 

Yards 



45- 
40-45 



4840 
6380 



Time of RnnnlDg, 

after applying 

Brakes, 

In Seconds. 



430 

780 



Height fallra 

throng by Train 

fhnn inclination 

of Line, in FeeCw 



706 
13-91 



Reducing as before, the normal friction of the carriages, / = /i, is found to be, — Fay, 
0*16565; Newall, 0-10961 : and therefore/,, or the friction per ton weight of the carriages, is, — 
Fay, 11-527 lbs.; Newall, 7-627 lbs.; mem, 9-577 lbs. 

This shows that there is a considerable difference between the friction of the two sets of 
carriages ; and a small correction should therefore be made, in the reductions of the experiments 
on breuces, in favour of Newall, if perfect accuracy were required. The correction, however, does 
not exceed one-sixtieth of the retarding force of the brakes, and may be neglected without 
appreciable error. These experiments were made with carriages fitted with slide-brakes, and the 
friction of those with flap-brakes was not determined. 

In an experiment recorded in Yolland*s Report, the friction, derived in the same way, for a 
train of carriages fitted with Newall's brakes, and attached to an engine and tender, amoimted to 
11-4 lbs. per ton. This, when allowance is made for the greater friction of the engine, nearly 
agrees with Fairbaim's results. 

Table V. — ^ExpERDfEirrs with Newall's and Fat's Slide-Brakes at Southport, May, 1859. 



No. 



2 
4 
6 
7 
8 
9 
10^ 

lit 
12t 

13 



Newall. 



Time of 
Running 
i Mile. In 
Seconds. 



55 

49 

41i 

41 

39 

84 

33 

38 

83^ 

28^ 



ftieedfin 

Miles 
an Honr. 



32-72 
36-73 
failed 
43-9 



46 
52 
54 

47- 

53 

63 



15 
94 
54 
37 
73 
16 



Velocity, 

in Feet 

aSecond. 



Distance 

ofPolliog 

ui\ln 

Yanls. 



48- 


56} 


2 


53-87 


77 


4 


■ • 


• a 


5 


64-39 


136 


6 


67-69 


140f 


7t 


77-64 


205i 


9t 


80- 


192 


lot 


69-47 


2601 


in 


78-8 


222 


• • 


92-63 


273 


• • 

t 



No. 



Fat. 



Time of 

Rnnniiig 

k Mile, in 

Seconds. 

51 
41 
3'i 
33 
33 

f* 
30 

80 



Speed, in 

Miles 
an Hour. 



35-29 

43-9 

50- 

54-54 

54-54 

37-89 

60- 

60- 



Velocity, 

in Feet 

a Second. 



DiKtance 

of Pulling 

np, In 

YardsL 



51-76 

64-39 

73-33 

80* 

80- 

55 

88- 

88 



58 



56 

98 
129 
144 
161| 

97 

2041 
214 



* Self-action only. f Brakes not applied at the proper time. 

X Train consisting of two carriages, and weighing 18 tons 4 cwt. In the other experiments there were three carriages, 

weighing 2T ions 6 cwt. 
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ExperimenU with SUde^BrakeSy vtiih the Engine detached from the JSrain, — ^The following experi- 
ments were made between the Birkdale and Amsdale stations, on the line between Liverpool and 
Sonthport. As before, the engine was attached by a slip-coupling to the train. At the quarter 
and the three-auarter mile po»ts from Amsdale, fog-sinials were placed, and the time of passing 
between these, oeing accurately observed by stop-watcnes, gave the average speed of the train. 
At the second fog-signal, the slip-coupling was xmfastened, and the brakes apnlied, instantly on 
hearing the report. The assistant, Unwin, and other persons, were placed in the guard's van, to 
prevent the premature application of the brakes ; and others on the engine with the driver, to see 
that there was no change of velocity in passing over the half-mile in which the speed was 
observed. The line where these experiments took place rose, for 500 ft. from the first fog-signal, 
with a gradient of 1 in 1087, and then fell for upwards of a mile, with a gradient of 1 in 3M3, a 
fiill so slight, in the short space in which the trains were brought to rest, that it cannot appreciably 
affect the results ; and in the reductions the line has been considered as level. 

The trains with which these experiments were made consisted of three heavily-weighted 
carriages, each with brakes to every carriage except in the two last experiments, when, in con- 
sequence of an accident to one of Newall's carriages, the trains were reduced to two. The carriages 
were loaded with iron rail-chairs, so as to weigh 9 tons 2 cwt. each. 

The power of these continnous brakes was well exemplified upon the 18th May, when Fay's 
guard ixiaavertently applied the brakes whilst the train was running at a comparatively slow 
velocity ; the strong coupling-hook which united the tender to the guard's van was instantly 
snapped, and the train brought to a stand. 

Making a reduction of the preceding results, the following values of / s /, , representing the 
comparative retarding powers of the brakes in each case, are arrived at : — 



7-9749 
7 0512 
6*9480 
7-4074 
6-5979 
5-3076 
6-8062 
6 0311 



Mean 6*7030. 



Newall. 

6-7765 
6-2813 
0810 
4292 
'8929 
-6625 
2385 
5555 



5 
5 

4' 
4- 
5 
5" 



Mean 5-4984. 



In this case the brakes of Fay exhibit a superiority in the ratio of 6-7030 to 5-4984, or as 
1215 to 1000 ; or making a correction, as above stated, for the friction of the carriages, the 
relative efficiency of Fay's and Newall's brakes would stand in the ratio of 6*553 to 5-4084, or as 
1210 to 1000. 

Experiments with Ftap-BrakeSj with the Engine detached. — These experiments, Table YI., were made 
in precisely the same manner as the last, the trains consisting of three carriages with brakes to 
eacn, loaded to 9 tons 2 cwt. 



Table YI. — Flap-Brakes, ENGDns detached. 



« 

Fat. 


Nkwall. 


No. 


Time of 
Rnnnlng 
k Mile, in 
SeoondA. 


Spcod, In 

7klile« 
an Hour. 


Velocity, 

In Feet 

a Second. 


1 

Distance 

of PaUing 

np. in 

Yanla. 


No. 


Time of 

Rmming 

k Mile, in 

Seconds. 


Speed, in 

MilM 

an Hoar. 


Velocity, 

in Feet 

aSeoond. 


Diatance 

of Polling 

np, In 

Vanta. 


1 
2 
3* 


35 
85 
32 


51-43 
51-43 
54-54 


75-43 
75-43 
80- 


1581 
162| 
184 


1 
2 
8* 


86 
86 
35 


50- 
50- 
51-43 


73-as 

73-83 
75-43 


132| 

123 

192 



• Self-action only. 



Reducing the results, the comparatiye efficiency is : — 



Fay. 
5-9889 
5-8294 
5-7971 



Mean 5-8718. 



Newall. 
6-7560 
7-2870 
4-9387 



Mean 6*3272. 



In this oise the superiority lies with Newall, in the ratio of 6*3272 to 5*8718, or as 1000 
to 928. 

Experiments with the Engine attached to the TVatn.— These experiments were made with slide- 
brakes, upon the same ground and in the same manner as the last experiments. The rails also 
were in the same dry condition. The only difference was that the engine and tender remained 
attached to the train, instead of being uncoupled, and the tender-brake was applied as rapidly as 
possible along with the other brakes. 
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Table YII. — ^Expebixentb wttb Nsw all's and Fat's Railway Brakes, with Engine not 

DISOONNBCTED FBOH TbAIN. 

Weight of engine, 24 tons ; weight of tender, average 10 tons ; weight of train, 27} tons ; 

weight of tank engine, 30 tons. 



1 

Fat. 


NswAtx.. 


No. 


Time of 
Ronning 
i Mile, in 
Seconds. 


Speed, In 

Miles 
an Hour. 


Velocity, 

in Feet 

aSecoDd. 


1 

Distance 
of Pulling 

ap, in 

Yards. 


No. 


Time of 

Running 

i Mile, in 

Seconds. 


Speed, in 

Miles 
an Hour. 


Velocity, 

in Feet 

ASeoond. 


Dlstanoe 

ofPollliv 

up. in 

Ysftb. 


1 
2 
3 
4^ 


56^ 
53 
43 
35 


31-8 
33-96 
41-86 
51-43 


46-7 
49-81 
61'- 39 
75-43 


12H 1 
137 1 
1924 
274 

1 


1 
2 
3 

• • 


53 

• 481 

48 

• • 


33-96 
37-11 
41-86 

• • 


49-81 

54-43 

61-39 

• • 


124{ 
1694 
221 

• • 



* Tank engine. 

Beducing these results, the comparative retarding force is found to be : — 
Fay. NewalL 



2-9956 
3-0184 
3-2663 



Mean 3 0934. 



3-3169 
2-9160 
2-8422 



Mean 3-0250. 



where the efficiency of the brakes is almost identical. Fay having an advantage, in the ratio of 
1022 to 1000. 

From the above extended and somewhat laborious experiments, the following summary of 
results is derived : — 

Table Yin. — General Summaby of Besults of Exfebiments with New all's and Fay's 

Brakes. 



Oldham Incline, Table I. 
Southport „ „ n. 

ni. 

V. 
VI. 

vn. 



n 
»> 
n 
n 



n 
yy 
n 
n 
w 



>f 
>» 
»> 
n 
n 



Experiments. 


Average Efficiency of Bralcea. 


Fay. Newall. 


Fay. 


KcwalL 


7 


7 


1-8538 


1-7436 


5 


1 


3-6256 


4-9700 


1 


1 


3-2329 


3- 1416 


8 


8 


6-7030 


5*4984 


8 


3 


5-8718 


6-3272 


3 


3 


3-0934 


3-0250 



The general average from this Table gives, for the efficiency of Fay's brakes, 4*0634, and for 
that of Newall's 4-1650, showing a slight superiority in favour of the latter. 

The following conclusions seem borne out by these experiments : — 

Ist. That with slide-brakes the greater number of experiments gave a manifest superiority 
to Fay's. 

2nd. That with flap-brakes there was a decided advantage on the side of Newall. 

3rd. That when the train was biaked, with the engine attached, the results were uniform ; 
neither Fay's brakes nor Newall's gaining any decided superiority. 

During the whole of these trials there was a strong feeling of rivalry, which rendered 
necessary the greatest caution, in order to prevent any interference, which might modify and 
vitiate the results. To reconcile these differences, and to obtain correct returns, Unwin was 
employed to take charge of the train, and to see that the brakes were applied at the right time ; 
also to register the velocity of the train, and the distance of pulling up, during each experiment. 
There is therefore every reason to believe that the results recorded are a strict expression of the 
efficiency of the brakes, at their respective times of trial. 

yollancTs Experiments with Neicalt and Fay*s Railvoay Brakes, — ^It may be interesting to compare 
with these results the earlier experiments obtained by Colonel Tolland, on the same class of 
brakes, and under somewhat similar conditions of trial, as detailed in his Report to the Board 
of Trade, dated the 12th June, 1858. These results do not appear to have been reduced, hitherto, 
to any common standard of comparison. But as they embrace a wider range of circumstances of 
gradient, weather, weight, &c., than in Fairbaim's experiments, they will instructively test the 
method of reduction employed. 

In the experiments on the Accrington incline the trains weighed 72 tons each, and consisted 
of six weighted carriages, used in all the experiments, and of three carriages fitted with Newall's, 
and three with Fay's brakes, respectively, and employed alternately. The required velocity waa 
obtained by permitting the carriages to descend a distance of from three-quarters of a mile to a 
mile along the incline, which falls at the rate of 1 in 38 to 1 in 40. The initial velocity at the 
instant of applying the brakes was ascertained by observing the time re(|uired to traverse the 
quarter of a mile immediately preceding ; and the mean velocity over this distance is used in 
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the redactions as the initial Telocity of the train, although it is slightly below the real speed, at 
the instant of braking. 

TaBLS IX.>-ExPEBIHElfTS ON THE AOCRINOTON InCLIIOS, WITH NeWALL*8 AND Fay'S BrAKES, 

Februabt 27, 1858. Weather fine. 



No. 




Vclocily, in Feet 
aSecond. 


Oradlent IkUlDg - . 


Distance of 

Braking, in 

Yama. 


Remarlcs. 


2 
3 
4 
5 
6 
7 
9 


Kewall .. < 


69-47 

52-8 

48-9 

28-7 

69-47 

62-86 

30-7 


- 1 in 39 

- 1 in 39 

- 1 in 39 
-lin40 

- 1 in 39 

- 1 in 40 

- 1 in 89 


1587 
777 
822 
414 
1114 
1208 
430 


Heavier train. 

^ Three continuous 
brakes. 

} 


10 


Fay .. .. 


60- 


-lin39 


923 





Beducing the results in Table IX., the retarding force is : — 

NewalL 



1 
1 
1 
1 
1 
1 
1 



0275 
-4233 
'3102 
-1363 
5285 
3705 
1700 



Fay. 
1-4754 



) Mean 1-3231. 



It will be remarked that in these experiments the brakes were applied to a part of the train 
only. Hence, for comparison with the Southport experiments, a reduction must be made, to the 
condition of trains with brakes throughout, by the formula [6] already explained in tiiat way, 

/i = — /• 



to 



The retarding force in terms of the mass of the carriages actually braked is : — 

Newail. F47. 

3-7955 ^ 3-9345 



3-4940 
3-0301 
4-0759 
3-6547 
3-1200 






Mean 3-5516. 



Showing an advantage to Fa^ in the ratio of 1107 to 1000. But a comparison is here scarcely 
fbir, seeing the disproportion m the number of experiments with each brake. 

Table X. — Experiments on the Accrinoton Incline, with Newall's and Fay*8 Brakes, 

February 28, 1858. Weather misty. 



Na 



Velocity, in Feet 
a Second. 



11 
13 
16 
17 
12 
14 
15 
18 



Fay .. 



Newail 



66- 

62*86 

50-77 

35-67 

60- 

60- 

50-77 

69-47 



Gradient, fiJllng - 



-lin39 

- 1 in 39 
- 1 in 39 
~lin40 
-lin39 

- 1 in 39 

- 1 in 39 
- 1 in 132 



Distance of 
Braking, In Yards. 



2060 
1660 
1070 

492 
2142 
1754 
1450 

880 



Banarki. 



Three continuous 
brakes. 



Tender and ditto. 



Mean 1- 131. 



The results in Table X. show that the mean of the retarding force is : — 
Fay. Newail. 

1-178 \ 1-105 

1-227 ( Mean 1-220. ^.^22 

1-257 j 
Or with brakes throughout : — 

Fkj. NewalL 

3-141 ) 2-946 

^'25^ Mean 3-255 ^'"^ 

3-272 I "leand/oo. 2992 

3-352 j 

Giving a slight advantage to Fay, in the ratio of 1070 to 1000. 



} 



Mean 3 017. 
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Table XL^-Expebiurnts with Newall's Brakes, between Livebfool and Pbeston, 

Fbbbuabt 22, 1858. 

Train of carriageB weighing 83 tons 18 cwt. ; engine, 29 tons 2 ewt. ; tender, 13 tons 4 cwt. 



No. 




1 

Velocity, in Feet 
a Second. 


Grtdient, riilog +» 
fUUng >. 


Braking, in Yanie. BemerlM. 


1 
2 
8 

4 

6 

7 . 


Newall .. ' 


57-39 
48*88 
66-00 

45-52 

57-39 
48-88 


- 1 in 135 
-1 in 180 
+ 1 in 135 

+ 1 in 168 

- 1 in 150 
-1 in 130 


285 
208 
206 

246 

276 
204 


1 Tender and six 
1 brakes. 

Tender and self- 
action of six 
1 brakes, 
i Tender and six 
j brakes. 



Beducing as before, these data give 



or, reduced in the ratio of the weight on the wheels 
braked to the weight of the train 



/ = 2-165 

/ = 2095 

/ = 3-285 

/ = 2-204 

/ = 2-201 

/ /i = 4-804 

/. = 4-164 

/, = 6-530 

/i = 4-381 

/, = 4-375 ; 



Mean 2-390 ; 



Mean 4-671. 



This agrees with the value/, = 3-5516, obtained in the first experiments at Aocrington, with 
the rails dry, and is in excess of the value /, = 3-017, obtained with the rails wetted by the mist. 
For experiment No. 4, with the self-action of the hnJces alone,/ = 1-211, or about one-half 
the full brake-power. 

Table Xn. — Exfebihents between Pbeston and Livebfool, with Newall's Bailway 

Bbakes, Febbuaby 22, 1858. 

Weight of train, 101 tons IJ cwt. ; weight on brakes, 71 tons 19} cwt. 



No. 



8 

9 

10 

11 



Newall 



Yelodtj, in Feet 
eSeoond. 



73-33 
57-39 
44- 
60- 



Gradient, rising -f . 
fiOling-. 



Distance of 

Polling up, in 

Yai^ 



+ lin402 


- 1 in 120 



196 
180 
107 
167 



Tender and seven 

continuouB 

brakes. 



Beducing these results 



Mean 3*668; 



/ = 4-567 

/ = 2-975 

/ = 3015 

/ = 4-118 

I/i = 6-406 
f = 4-229 ^ Mean 5-146. 
/I = 5-776 

This would seem to indicate that the brakes act more efficiently, the more nearly they are applied 
throughout the whole train. 

Table Xin.— Exfebihents between Livebfool and Pbeston, with Newall's Bbakes, 

Febbuaby 23, 1858. 



No. 




Velocity, In Feet 
aSeoond. 


Gradient, rising + , 
fUling-. 


Distance of 

Palling np, in 

Yards. 


Bemarics. 


1 
2 
3 
4 
5 
6 
7 
8 
9 


^ Newall .. { 


77-65 

73-33 

52-8 

73-33 

66- 

73-33 

62-86 

44- 

77-65 


- 1 in 204 




- 1 in 132 
+ 1 in 135 


-1 in 150 

- 1 in 700 

- 1 in 120 


814 
179 
183 
227 
189 
249 
208 
138 
235 


I All the brakes. 
All but the tender. 

\ All the brakes. 
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Beducing 



or, when further reduced in the ratio of the weight of 



the whole train to the weight on the wheels braked 



< /i = 



/ 
/ 
/ 
/ 
/ 

/i 



8 
5 
3 
4 
8 
2 
2 
4 

8 
5 
4 
4 
4 
8 
4 



8582 
0068 
7041 
0797 
5992 
9516 
2922 
0081 

9660 
9130 
3745 
8181 
2506 
4858 
7335 



Mean 8'6249; 



Mean 4-5057. 



The preceding results obtained by Yolland are as follows : — 



Engine detached | 



Fay. 
8-9345 
3-255 






Engine attached 



Newall. 

3-5516 

3017 

4-671 

5-146 

4-505 



Dry. 
Wet. 

Mean 4-774. 



Table XIV. — Eicferiments on M'Connell's Steam Sledoe-Beaxe, between Bletchlet and 

Oxford, January 19, 1858. 

The engine weighed 29 tons ; the tender, 14 tons 10 cwt. ; the carriages, 102 tons 9 owt. ; the 
guards* vans, 10 tons 4|^ cwt. ; steam-sledges assumed at 7 tons 2 cwt. 



No. 




Velodty. to Feet 
a Second. 


Qradient, rising + , 
falling-. 


Diatanoeof 

Pulling np, to 

Yama. 


Remarks. 


1 


V / 


27-5 


+ lin 150 


430 


None. 


2 




32-19 


* + 1 in 142 


285 


Steam and guard's. 


3 




19-35 


+ 1 in 142 


163 


Guard's. 


4 




52-8 


- 1 in 214 


590 


AU. 


5 




60- 


- 1 in 149 


870 


Steam and tender. 


6 




48-88 


- lin 209 


673 


AU. 


7 




36-67 


- 1 in 1430 


623 


Steam. 


8 




55- 


-lin 163 


880 


AU. 


9 


M'Gonneirs 


55- 





763 


Tender and guard's. 


10 


stoum-brake. \ 


57-39 





1320 


Steam. 


11 




52-8 


-lin 2211 


496 


AU. 


12 




60- 





540 


AU. 


13 




55- 


+ lin2211 


345 


AU. 


14 




47-14 





538 


Tender and guard's. 


15 




47-14 


- 1 in 452 


888 


All. 


16 




62-86 


+ lin 163 


669 


AU. 


17 




57-89 





880 


Tender and guard's. 


18 


/ 


55- 


+ lin 209 


1194 


Steam. 



Beducing these results : 


— 






No. 






No. 




2 . 


■ • • 


/ = 003793 


11 .. 


.. / = 0-93677 


3 . 


e • • 


/ = 001562 


12 .. 


.. / = 1-11111 


4 . 


• • « 


/ = 0-93791 


13 .. 


.. / = 1-42800 


5 . 


• • • 


/ = 0-90567 


14 .. 


.. / = 0-64824 


6 . 




/ = 0-74567 


15 .. 


.. / = 1-02560 


7 . 


■ • • 


/ = 0-38224 


16 .. 


.. / = 0-78690 


8 . 


• • • 


/ = 0-77041 


17 ... 


.. / = 0-62379 


9 . 


• • • 


/ = 0-66076 


18 .. 


.. / = 0-42225 


10 . 


• a • 


/ = 0-41586 







Separating those experiments which were made on different brakes, and taking the mean of 
those made on the same, the value of each brake respectively is as foUows : — 

For the guard's brake / = 0-1562 

tender-bnike / = 0-4989 

steam-brake / = 0-4373 

steam and tender brakes / = 0-9057 

steam and guard's brakes / = 0-3793 

guard's and tender brakes / = 0*6443 

guard's, bteam, and tender brakes .. .. / == 0-9678 
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These nambers represent the actual proportion of the brake-power supplied in the experiments 
by each brake or set of brakes. The efficiency of the brakes in relation to the weight upon them 
is: — 

For the guard's brake A = 2*2268 

„ tender-brake /i = 50216 

„ steam-brake /i = 9-1176 

„ steam and tender brakes /i = 6*1197 

„ steam and g^uard's brakes /t = 3*1930 

„ guard's and tender brakes A = 3*8014 

„ guard's, steam, and tender brakes .. .. A = 4*4365 

This shows that, in proportion to the weight upon it, a sledge-brake, which can be applied 
instantly,' acts most efficiently. 

Colonel Yolland's Experiments with M. Gu^rin*8 Self-acting Brake. — The train in the first four expe- 
riments consisted of an engine, tender, and nineteen carriages, two being fitted with M. Gu^rin's 
brakes. The total weight of the train was 151*88 tons. In the remaining experiments two 
ordinary brake-vans were substituted for M. Gu^rin's, the total weight being then 152*8 tons. 

Table XV.—ExpERiMKirrs between Ebith and Woolwich, August 27, 1858. 



No. 



Yelodtj, In Feet 
A Seoond. 



Oradient, rtoing -\- . 
fidUng-. 



Dittanoeof 

Palling up, in 

Yards. 



1 
2 
3 
4 



M. Gu^rin's 
brakes. 



50*78 
62*86 
57*39 
45*52 



- 1 in 912 




-h 1 in 912 



5 
6 

7 
8 



Ordinary 
brake-vans. 



48*57 
66* 
50*77 
52*8 



- 1 in 912 




-h 1 in 912 



597 
738 
552 
895 



Tender and two 
Guerin brakes. 



859 
593 
521 
510 



Tender and two 
ordinary brakes. 



Mean 0*1013. 



Seducing these results : — 

M. Qn^rin'8 Brakes. Ordinary Brakes. 

0*075488 ) 0*11300 

* 089238 j^^^ ^ . .^rt * 12243 

0*099445 MeanuuH7U. 0*08245 

0* 083898 j 0* 08757 

From these experiments, M. Gu^rin's brakes appear to be less efficient than two equallv heavy 
brake-vans of the ordinary description, when used in conjunction with a tender-brake, in the ratio 
of 1165 to 1000. 

The value of A for the mean of these experiments gives : — 

For M. Guerin's brake 0*5169 

„ the g^uard*s ordinary brake 0*5874 

We do not pretend to know the reason why, but Guerin's brake gave better results when tried 
in France. 

Experiments toith Tnqram^s Auxiliary Brake, on the Manchester, Sheffield, and Lincoinshire Railway. — 
When these experiments were made, the weather was bad, rain fulling the whole time. The train 
weighed 124 tons \ cwt. ; the tender, 17 tons ; the carriages to which Ingram's brake was applied, 
25 tons 17^ cwt. 

Table. Xy I. — Exfebiments with Inobam*8 Bbakes, Ootobeb 18, 1858. 



No. 




Velocity, in Feet 
a Second. 


Gradient 


Distance of 

Polling np, in 

Yaxda. 


Time in 

Stopping, in 

Seoonda. 


8 
3 

4 
7 
9 


1 Ingram's 
1 brake. ' 

\ Tender .. | 


46*9 
440 
51*3 
54*2 
46*9 


1 in 124 
1 in 124 
1 in 133 
1 in 120 
1 in 120 


870 

795 

768 

1320 

1152 


90 

77 

65 

134 

114 



Beducing these results, on the assumption that the gradients were all falling ones : — 
Ingram'a Brakes. Tendei^Brakea. 

0*68096 \ nfiSQ^l ^ 

^^2^ I Mean 0*6128. 



/ = 



Mean 0*7217. 



0*58646 



0*66545 
0*81870 

Hence, A = with Ingram's brake 3*4619 

the tender-brake 4*4712 

Ingram's brake thus showing a somewhat less efficiency than the tender-brake. 
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It thonld be here obsenred thai the work employed to move a body over a horizontal distance, 
added to the work dae to the gravity in elevating the body a vertical height, is the same as that 
employed in moving the body on a curve joining the extreme points, since a cnrve may be sup- 
posed to be made up of a number of straight lines; hence the uniform work upon the whole curve 
will be equal to the uniform work done upon the horizontal projection, added to the work done in 
opposition to gravity in raising the body, no matter what form be given to the patli described. 
See Byrne's *■ Essential Elements of Practical Mechanics,' p. 276. 

Reduction of the Retarding Force to Units of the Weight of the Brake Carriages. — In the preceding 
reductions it was found most convenient to know the retarding force in terms of the mass of the 
train. For practical purposes, however, it is convenient to state the retarding force in terms of 
the weight upon the brake carriages, and. to be guided by precedent in this matter, it seems best 
to state the retarding force in pounds to the ton weight on the braked wheels, that is, in the same 
terms as the normal friction of the train is usually stated. CkiUing, therefore, /, the mean resist- 
ance in pounds a ton, in the moving mass of all the forces tending to destroy motion, of which the 

2240 
principal is the friction of the brake, then /, = /i x 0.5775 = G9*5S7/|. 

Obdikabt Brakes. 

BetardatloQ, in lbs. a ton, 
on Wheels Braked. 

Guard's van 154*9 .. .. Yolland. 

Tender-brake 349*4 .... „ 

Tender and guard's brakes .. .. 264*5 .. .. ,, 

Tender-brake 311*0 .. .. M. S. and L. Railway. 

All the above results, with the exception of the last, were obtained in dry weather. 

Tender-brake 302*4 .. .. Fairbatm. 

Newall. 

Mean Retarding Force, In Iba. 
Tables. a ton weight, of Braked Carriages. 

I. Slide-brakes (wet and foggy) .. .. 121*3 .. .. Fairbaim. 

(slightly wet) 237*7 .. 

(dry and frosty) .. 345*8 .. 

(dry and warm) .. .. 382*6 .< 

(dry and warm) 440*3. .< 

(dry) 247*1 .. .. YoUand. 

(misty) 209*7 .. .. „ 

(dry) 325*4 .. .. „ 

(dry) 358*9 .. .. „ 

(dry) 313*5 .. .. „ 

The mean of the experiments from Tables 11., IV., and V., gives the retarding force at 389*6 lbs. 
per ton. The mcfin of Yolland's, from Tables IX., XL, XII., XIII., is 311*2 lbs.; or, omitting 
Table IX., 332 * 6 lbs. Bearing in mind that Fairbaim's results were obtained under circumstances 
of competition, and that there was in consequence the greatest care in the adjustment of the brakes, 
the above results agree sufficiently well. Hence also may be observed the very large diminution 
of the retardation of the brakes in wet and foggy weather. In wet weather the retardation does 
not appear to exceed 200 lbs. a ton ; and in foggy weather, with the rails greasy, it appears that it 
may oe reduced to 121 lbs., or nearly one-fourth of the maximum in dry warm weather. 

Fat. 

Mean Retarding Force, In Iba 
Table*. a ton weight, of Braked Osniagea. 

I. Flap-brakes (wet and foggy) .. .. 129*0 .. .. Fairbaim. 

III. „ „ (slightly wet) 224*9 .. .. „ 

II. „ „ (dry) 252*2 .. .. „ 

IV. „ „ (dry) 408*6 .. .. „ 

V. Rli Je-brakes (dry) 466*4 , 

IX. „ „ (diy) 273*7 .. .. Yolland. 

X. „ „ (misty) 226*5 .. .. „ 

There the maximum retardation amounts to 466*4 lbs. a ton, or nearly one-fifth of the weight 
of the braked carriages. The mean of Tables II., IV., V., in dry weather, gives 375*7 lbs. a 
ton. 

M^CoKinsLL's 6team-Bbake. 

Mean Retardation, In lb*, 
a ton weiabt, on Wheels and 
Table XIV. Sledges Braked. 



III. 


n 


»» 


II. 


J» 


>» 


V. 


♦» 


It 


rv. 


Flap- 


brak 


IX. 


»» 


»» 


X. 


M 


jj 


XI. 


11 


M 


XII. 


»» 


W 


XUI. 


>» 


n 






Guard's van 154*9 

Tender-brake 349*4 

Steam-brake 634*4 

Steam and tender brakes 425*8 

Steam and guard's bmkes 222*1 

Ouard's and tender brakes 264*5 

Guard's, steam, and tender brakes 808*7 



Yolhnd. 



n 
»» 

M 

1* 
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These rednctions seem to show that, in proportion to the weight npon it, the aledge-brake is 
more efficient than an j brake applied to the wheels. Of course it is not asserted that the sledge- 
brake could be employed in lieu of the present arrangement ; but that it renders useful, in retard- 
ing the train, a larger proportion of the weight on it. 

M. Guebin's Bbake. 

Uean Retarding Force, In lbs. 
Table XV. a ton, on Brake Ourtages. 

M. Gu^rin's and tender brakes .. .. 35 '9 .. .. Tolland. 

Ordinary yon and tender brakes .. 40*8 .. .. „ 

Both these brakes were, for some reason, acting inefficiently. 

Inosam's Bbake» 

Mean Retarding Force, in Ibe. 
a ton weight, of tbe Carriages 
Table XVI. Braked. 

Ingram's and tender brakes 240*9 .. M. S. and L. Bailway. 

Gekeral Summary. 

Ratio of Weight on Brakes, to 

Retarding Force generated by them, 

or Mean CoeflSdent of Friction for 

each Brake. 

from 0*1544 to 0*1965 
0*0542 



Fairbaim ^ ^^^ oil26 to 0*2082 



Newall's (dry) 

„ (wet) 
Fay's (dry) 

„ (wet) J I 0*0576 

NewaU's (dry) 1 yolland / 0*1116 

Fay's (dry) / ^^^^^ *• -{ 0*1020 

Ingram's (wet) 01075 

Guerin's (dry) 0*01048 

M*Ck)nnell'B steam-brake 0*28325 

That is, the retarding force generated by these brakes varies from -j^ to -j^ of the weight of 
the carriages to which brakes are applied, and is ordinarily from i\f to ■^. 

This agrees very well with the deductions from experiments on the friction of metal on metal, 
which give for smooth surfaces a coefficient varying from 0*15 to 0*2, or nearly identical with the 
best experiments above reported. 

Formulas, — To find the distance on a level line required to bring a train to a stand by 
braking: — 

Let 8 = the distance of pullin^^ up, in yards ; 

V = the velocity of tne train, in feet per second ; 
v> = the weight on the braked wheels, in tons ; 
W = the total weight of the train, in tons ; 
= the inclination of the incline to the horizon, if the train is on a gradient, so that if the 

incline rises 1 ft. in z ft., then sin. =: —; 

g = the action of gravity = 32*19. 

Then, if the train is braked throughout, and on a level line, « = —• ; and if brakes are ^>- 

plied to a part of the train only, s = — - x — ; or, if the train is on an incline, 

6/i «o 

r» W 

8 = X — 

6fi±Qg sin. tr 
where the + or — sign is to be taken, according as the incline falls or rises. ^ 

The value of the coefficient /, must be selected from the Tables of Experiments already given, 
that coefficient beine selected which was obtained under circumstances most nearly approaching 
those of the case to be determined. 

Thus, if the trains are stopped by the friction of their bearings, and so on, without the appli- 
cation of brakes, /j = 0*13 (mean), and 6 /, = 0*78. 

If the brakes are ordinary guard and tender brakes, applied together, /, = 4, and 6 /, =24, 
approximately. 

For brakes, such as Newall's and Fay's, actmg with maximum efficiency, /, = 5*5 to 6*5, and 
6/, = 33*0to390. 

Thus, supposing it is required to ascertain the distance in which a train weighing 60 tons, 
with brakes to 20 tons weight of the carriages, would be brought to rest, in ascending an incline 
of 1 in 27, at a velocity of 60 ft. a second ; then taking A = 4, 

v" W _ (60 X 60) 60 

* 6/, + 6^ sin. e ^ w ~ 6 X 4 + 6 X 3219 x ^ ^ 20 ^ ^ 

If the rails are wetted by rain, the value of the coefficients g^ven above must be taken at one- 
third less, and if greasy, their value may be reduced by as much as one-half or three-fourths. 
It is convenient, in some oases, to estimate the braking power in time rather than in distance. 
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Now, theoretically, putting t = the time of braking, in seconds, then < = 7 • In practice this does 
not hold strictly true ; hence t = - ^x, where x ib 9k constant to be derived f^m the experi- 

ments; .\ x = t + — , 

Now, from the Oldham experiments : — 

For Fay's brakes ar = 8, 6, 8, 8, Jl, 8. 

For Newall's brakes a? = 4, 2, 5, 0, 7, 8, 9. 

Hence mean x = 5*4. 



-?-"-(/; x^)— 



The above formnlas will be found sufficient for the purpose of ascertaining the amount of 
brake-power required to arrest the motion of any train, within such a distance as may be consi- 
dered safe by the railway company, or by the engineer ; or in any given case, to determine the 
distance within which a train of any required weight may be stopped when travelling at any 
velocity. 

Stecan-Brakes. — ^During the last few years engineers have undertaken to construct railway brakes 
which would act more effectively than those previously used. Every engineer knows the imper- 
fections of the apparatus and of plans for effecting the retardation or stopping of trains. He 
knows further how urgent the demand for such means is ; the more so as it is desirable to take 
away from the tender as much weight as possible, and s^engthen and lighten the engine by an 
extended application of steel, so that the tender may carry more fuel and feed-water, without in- 
creasing the total weight of the engine and loaded tender, or diminishing the power of the engine. 
Independently of these considerations, it is generally acknowledged that the retarding power 
ought to procised from the same parts of the mechanism which transfers the propelling power, and 
that a properly constructed brake ought to be operated by the accumulated force when not 
required to propel the train. With those considerations in view, numerous experiments were made, 
and plans tried; however, applicable and satisfactory results were not obtained. 

A correct investigation will show the error of providing for the carriages or wagons a separate 
brake-mechanism, even should the power to operate such mechanism be taken from the locomotive 
boiler. With locomotives, however, means must be found which will not only allow us to accumu- 
late a sufficient retarding force in the boiler, but which will also give us the power to regulate its 
application and intensity, so as to destroy, gradually, the work conserved in the train and due to 
the weight of the train and its imiform velocity. At the same time the means provided must have 
the power to diminish by degrees, and ultimately to reverse, the tractive power of the engine. 

We propose to examine the four following systems of steam-brakes, namely : — 

1. The reversing of the valve-gear (System Lechatelier-Ricour). 

2. The compression of the steam (System Zeh). 

3. The compression of the air in the cylinder (System de Bergues). 

4. The repression of the steam (Frein k Yapeur de Landsee, and Steam-repression Brake 

of Krauss and Oo.). 

The steam-brake of Krauss and Co. was designed by Professor Linde, of Munich. 

The systems 1 and 4 depend upon the same principle, that is, the counter-effect of the steam ; 
but the methods of application are different. 

The Reversing of the Valve-gear. — The motion of any locomotive can be diminished by simply 
reversing the valve-gear; but it is easv to understand that the counter-effect of the steam increases 
quickly the pressure of the steam in the boiler. This is, however, a minor reason why the counter- 
effect of the steam should be applied, to suddenly stop trains, only in exceptional cases ; for 
another disadvantage of a more serious character is to be met with. The exhaust-port opens in 
locomotives, not directly into the open air, but communicates, through the exhaust-pipe, with the 
interior of Uie smoke-box. Whilst the cylinders are now drawing in the air, they will thus not be 
filled with pure air, but with the gases of combustion from the smoke-box, which have not only 
ft. very high temperature of 400°, 500^, and upwards, but which also carry with them a great many 
unoonsmned parts of the fueL The disadvantageous influence which the practice of using the 
counter-pressure of the steam will have upon the engine and boiler of a locomotive will thus be at 
once understood. But let us examine the distribution of the steam produced by the reversing of 
the valve-motion, and we shall &id that it is very disadvantageous, and becomes still more disad- 
vantageous the faster the engines work and the more powerful the effect becomes. 

Suppose the crank to stand at one of the dead points A, Fig. 1248, that it travels in the direction 
indicate by the arrow, and thus contrary to the valve-motion ; then the angle of advance becomes 
negative. The steam enters the cylinder behind the piston, until the latter has reached the 
point B, where, at the ordinary working of the engine, the steam in front of the piston began to 
De admitted. It is a very short distance, but the clearances of the pistons are filled, and a small 
but accelerated expansion of the steam takes place till the piston reaches the point G. The com- 
pression began formerly at that point, but now a communication with the exhaust is effected, which 
remains open and allows the air to enter the cylinder behind the piston during the full forward 
stroke. This communication with the exhaust-pipe continues in front of the piston to the point 
D, where formerly the release of the steam began ; an insignificant compression of the air follows 
next, till the piston arrives at E, where formerly the expansion of the steam began. But only 
now, after the piston has travelled a part of its stroke and its velocity becomes great in proportion 
to the velocity of the crank, the admission of the counter-effect begins through the slowly-opening 

2 R 2 



port ; the ptaton baa lo travel (t farther distance, dependent upon its velocity, before it meets in 
front with steam of sufficient pressure. Tha most important period has almost passed ineffi- 
caciously, and the work done by the piston ia thus very insil^ificant. That work is represented 
in a giaphical manner in Fig. 1248, bf tbe dark hatchings abed, after the aocelciated expansian 
work cde has been deducted. 



Uiagiani (of the Dii^ram for Uiii 

•. compieuiDn of the Bteam. I,indKe'i ateiiin-bnkF. iwrniii; 
Si/»tem Zeh. 

Fif. 1248.— ec, PrMSors of Ibe »t«m ia the boiler. E, Beginning of Ih* adminion of the coonter- 
steani in tront of the piston. D, Eihaust shut befon the pitloo. B, The admiiaiDii of lUam cut off 
behind the pinton. C, Eihaugt opent behind the piitan. 

Fig. 12^9. — 1>, iilihaiut openi behind the piston. E, Eipanwoa begini behind tb« piiton. B, Adini>- 
uon ol (be itnm b^ni io front of the piBloa. C, Eihauit shut bel'oi-e the pitton. 

Fig. 1250. — D, tibauBt opena behind the piiton. £, Eipauuoo be^ni behind the piiton. B, Com- 
munkstion with the iteani-cbait begini in front of tbe piilnn. C, The idrnwoa of the eoaaler-Mam 
beglni in IroDt of the piitoa. 

rig. 1251. — B, Commanication with [he steam-cheat bigina in front of the pialoD. C, Compresaon 
begina in fmnt of the piaton. D, Admiaalon of the counter-atwm begiaa behind the pston. )i,. Com- 
munication with the ateamM^ieat abut behind tbe piaton. 

Engineers have alwava had snfBciont reason to regret that drivers should be prohibited to apply 
this simple and powerful means of stopping trains : and, moreover, retardation by meana of friction- 
brakes, considered theoretically aa well as prscticelly, is imperfect, since the i>i> tita of the tisins 
had to be entirely destroyed by an eiteraal application of the brake, to diminieh the velocity. 

It is not Borpriiiing, under sach circumstances, that the proposition of Lechatelier was soon 
approved of and appllml first in France and then in Switzerland. According to M. Lecbatelier's 
plan, Figs. 12S2, 1253, a pipe is led from the exhaust-pipe of the engine to a small closed vessel, 
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ft miztnre of steam and water can be introduced into the cloeed yessel, and from it, led by the pipe 
first mentioned, to the exhaust-pipe. The action of this arrangement is as follows : — When 
the engine is reversed for the purpose of retard- 
ing the train, the pistons would, tinder ordinary ^^^' 
circumstances, pump air into the boiler, mixed 
with dust from the smoke-box, cutting and da- 
maging the working surfaces of the cylinders and 
valves. 

To prevent this damage, M. Lechatelier's plan 
provides for the admission of the mixture of steam 
and water into the blast-pipe when the engine is 
reversed, and the pistons then pump this mix- 
ture, instead of air, into the bouer. The water 
serves to lubricate the pistons, and the quantity 
admitted is just about as much as will be evapo- 
rated by the heat generated by the friction of the 
working parts. The supply of steajn to the blast- 
pipe is generally allowed to be somewhat in ex- 
cess of the quantity which can be pumped back 
into the boiler by the pistons, and the small quan- 
tity, which is thus constantly escaping at the 
blast-nozzle, serves to prevent the adnussion of a current of air. But experience has not only 
shown that Lechatelier's method, especially at a high speed of the engine, is in many cases not 
powerful enough, but that the admission of the proper quantity of steam and water requires great 
skill from the drivers. 

The Compression of the Steam, — The method proposed by Zeh takes place by shutting the 
exhaust-pipe and placing the valve-gear on a high grade of expansion, so that the steam has to 

Etrform not only Uttle work, but the escape of the expanded steam is also prevented, and the 
tter is thus compressed at the backward stroke of the piston. 

The diagram. Fig. 1249, shows that the intensity of the effect can only be increased to a trifling 
degree. The pressure of the steam in front of the piston and at the commencement of the stroke 
can only be little more than that of the atmosphere, and the pibton has to travel half of its stroke 
before the compression at C begins. When the crank arrives at B, almost at the end of the stroke, 
the pressure of the steam in front of the piston is still much less than the pressure of the steam 
in the boiler which acts now upon the piston for the remainder of the stroke. We get thus at 
first a retarding work, represented in the figure by the area ab ec d; next a propelling work, 
represented by the area a e c d^ and composed of the area c «, the work done by the full pressure of 
the steam, and the area e a, the work done by the expansion of the steam. The comparison 
between the two works shows in fact a very insignificant effect of this method. 

The Compression of Air in the Cylinders has been proposed by M. de Bergues as a means for 
retarding the motion of locomotives. According to M. de Bergues* plan, the regulator and the 
blast-pipe are shut, the admission-pipe is put in communication with an air-vessel which is 
provided with a safety-valve, the exhaust-pipe is put in communication with the atmosphere, 
and the valve-motion is reversed. The counter-pressure can thus be increased to a certain degree, 
independently of the pressure in the boUer ; but here also the disadvantages appear to be very 
great. In the first instance, M. de Bergues sacrifices the relation to the boiler; and hence he 
cannot accumulate a sufficient retarding force. Next, he reverses the valve-motion, and has thus 
from the beginning a disadvantageous distribution of steam, which, moreover, must produce a 
limited effect of the power, as the pressure of the steam is very variable. 

The air-vessel must not be too large, in order to produce, quickly, highly compressed air ; 
a perceptible reduction of the pressure of the compressed air eflects the filling of the steam- 
cylinders. The compression produces, besides, a high temperature in the cylinders, which require 
special precautions and a very abundant oiling ; finally, the arrangement and management of the 
apparatus are rather complicated. It gives very good results for short runs, but not under pro- 
longed working. 

Steam-Brake of if. de Landsee, — M. de Landsee acts upon the very correct principle to produce 
the retarding power by means of using steam from the boiler as a back-pressure upon the pistons 
in a more advantageous manner than with the reversing of the valve-gear. For that purpose. 
M. de Landsee adds to the engine for the admission of the steam in front of the piston a second 
valve-gear, to the cylinder another stiam-chest and another system of ports ; for the movement of 
the second valve he fixes an eccentric rectangular to the crank, a link and the necessary gear. 
In order to retard the motion of the engine, the exhaust-pipe is shut, the main valve-gear is placed 
on a high grade of expansion, so that the steam behind the piston performs a little work by 
expansion, whilst tlie steam in front of the piston, which has entered the cylinder tlirough the 
second steam-chest O, Figs. 1254, 1255, is pressed back into the boiler, and acts thus by its 
repression upon the piston in compariwn to the compression performed in tlie cylinder. 

It must be admitted that this arrangement ofiers a satisfactory solution of the existing 
problem ; but if the apparatus is destined to produce a more powerful effect than the apparatus 
previously examined, two moments of some importance have been neglected. 

Let us ex2imine what occurs during one revolution of the crank. The main valve H is 
supposed to have opened the port as much as the linear advance. The clearance of the piston, 
which in the present construction is enlarged on account of tiie second port communicating with 
the steam-chest G, amounting at least to 7} per cent, of the volume of tlie cylinder, is still 
filled with steam from the last repression. If we suppose y\f to be the dogree of expansion, or 
17| per cent, the filling of the cylinders, c e will show in a graphical manner, in Fig. 1250, the 



after tbe piBton has travelled about 70 per cent, of the stroke ; the Btcatn vill thtta hsve lost 
in B proportion of 77'5 to 17'5 of ila pressure. Although the eihHuat is shut and prevents 
the CBCBpe of this steam of Blmost i of the preaaure of the aleflm in the boiler, a considerable 
volume of fresh ateam enters the cjlinder from tliat part of the exhaust which extends to the 
diatribntiou-valve S, and which hod been filled during the preceding repreasion. If we suppose 
the volume of that part to be 20 pei cent, of that of the ojilmder, the preasure of the steam vrill 
inoiease in a proportion of 

77-5 ■ 77-5 "^ ^ 77-5Jd7-5''" 77-5 " 77-5 "*" 
At the end of the stroke the preaaure will have again decreased in a proportion of 127 '5 : 97 5, 
and we get thus with a preaaure of S atmoBpherea in the boUer, after all, only a presaure of 



^(wf^'^'^'^V'^7^ = 2-3 atmospheres. 



The value of the accelerated work is thus higher than at first calculated; it amounts at 
least to 45 per cent, of the total work performed bj the piston (according to Boyle's law). But 
another circumatance, which reilucea the retarding power at a high speed of the locomotive, has 
been entirely neglected, namely, the want of lead for the admiacion of the counter-steam. Of 
course, this lead could only bo obtained on account of a atill more disadvantageous distribution 
of the ateam on the backward stroke of the piaton, or by fixing a fourth eccentric The valve Q 
must thus travel a distance corrcaponding to its lap, before it admita the counter-steam into the 
cylinder, after tlie piston tiaa reached the end of the stroke. At a high epeed, the piston will 
have to travel a considerable part of its etroke before it meets in front with steam, tbe preasura 
of which is equal to that in the boiler. 

The whole construction, although very ingenious, is too complicated, and the large clearances 
of the pistons, required by tbe two syatema of ports, are great disadvantE^ea. The simple 
principle, to admit steam into the cylinder, and to have it pressed back into the boiler by the 
movement of tbe piston, without any modiUcatioit of the valve-motion, but by allowing the steam 
to enter the c^rlinders through tbe exhaust-pi pea, instead of through tbe ordinary steam-pipea, has 
been adopted in 

The iUpreaion Brake of Eraan and Co., Munich. — This plan coneisls in an arrsjigement by 
means of which the ateaia can be made to enter the cylinders throagh the exhaust-pipes, instead 
of through the ordinary ateem-pipes, the blast-nozzle being at the same time cloaed, and tbe 
steam admitted through the exhaust-pipes being pumped back, partly into the boiler, and partly 
into the steajn-cheata, from which it escapes through an adjustable valve into tbe chimnej. C^ 
course, tbe engine has not to be reversed, as in M. Lechatelier'B arrangement. 

The simplest arrangement is to place the regulator in the smoke-box, and to provide it with 
a segment- valve, aa ahown in Figa. 1256 to 1259. The regulatflr-valve B is connected with tbe 
blaat-pipe by a tube A, and the blast-pipe ia alao provided with a segment-valve B. When tbe 
inlet to the Bteam-chest is shut by the firut-mentioncd valve, and tbe communication with the blast- 
pipe is open, tbe outlet of the latter beiog shut, then (he steam passes from the boiler, through 
tbe tube and the blnat-pipo, into the outlets or discharged porta of the Blide-valve, end rashes 
against the piaton with a cotinter-preaaure equal to the steam-preasure during nearly the full 
sboke, that is to say. during tbe time that the steam is acting to work the engine ; during this 
counter-preSBure the steam is returned into the boiler. When about ^j, of the stroke haa been 
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acoompliBhed, the outlet Ib abut, and the steam being stUl in the cylinder, Ib ftirther compressed till 
the ordinary inlet is opened by the slide-valve ; and this steam can then escape to the steam-chest, 
and from there through a valve to the chimney. This valve is regulated by a cock, and can be put 
in communication through the inlet-tube, Fig. 1261, with the steam-chest, but during the working 
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of the engine the valve is shut. This valve regu- 
lates the quantity of steam which is retained in the 
steam-chest, and also regulates the work of the 
brake. The regulation of the back-pressure may 
also be effected by regulating the steam-pressure 
in the blast-pipe, and this is done by enlarging 
or narrowing the inlet opening, also by admitting 
steam to the steam-chest through the regulator- 
valve and expansion-valve ; that is to say, by the 
introduction of steam into the cylinder on both 
sides of the piston. To simplify the working of 
the apparatus, the regulator-valve, the blast-pipe 
valve, and the valve with the regulating cock, 
are connected by levers, so that by simply moving 
the regulator the engine can be driven at full 
speed, or can be reversed. By this arrangement 
of the apparatus it is possible nearly instantane- 
ously to change the propelling force of the engine 
into a retarding force. When the piston is nearly 
at the end of the stroke, on the other side, the 
slide-valve begins to open the admission open- 
ings, and the steam passes into the empty cylin- 
der, so that the latter is full of steam when the 
piston returns; this steam is now forced back 

into the boiler. This action continues till the slide-valve shuts the communication between the 
cylinder and the admission opening ; the confined steam h then further compressed. This com- 
pression is at the highest point when the slide-valve is in communication with the cylinder and 
the steam-chest just before the crank is at the dead point; the steam then passes into the 
steam-chest and through the valve. It is necessary that the slide-valves should be prevented 
from being pressed b^k by the compressed steam, and Figs. 1257 to 1261 show the arraDge- 
ment employed for that purpose. The valve, it will be seen, is fitted with a piston, at the 
back of which is a hole, which is connected by a tube with the blast-pipe, so that while braking, 
the steam can act upon the piston and prevent the prossing back of the slide-valve. Fig. 1251 
shows the distribution and action of the steam in a graphical manner. At D, where formerly the 
release of the steam began, the admission of the counter-steam into tho cylinder commences, 
* 80 that when the piston arrives at the end of its stroke, the whole cylinder is filled with counter- 
steam, which has to be pressed back into the boiler by the piston, till the crank has reached 
the point C, when the communication with the blast-pipe is cut off. The remaining steam is com- 
pressed until the point B is reached, when it escapes through the valve into the steam-chest, 
whilst the steam acts with full pressure during the whole stroke m front of the piston, the com- 
munication with the steam-chest is maintained behind the piston, until the crank arrives at the 
point £. 

Dynamometer-Brahe. — Prony*a Friction Dynamometer^Brake. — A friction brake may be employed 
to measure the power applied to, and the mechanical effect produced by, a shaft or other 'pfii of a 
machine which revolves uniformly ; it must be clearly understood that neither the power nor the 
effect can be measured unless the revolutions continue uniform after the brake is applied and 
adjusted. Piobert and Fardy, in 1821, applied a brake as a dynamometer to determine the power 
of water-wheels; but M. Prony first applied a brake to determine the power transmitted by 
steam. 

It was determined by experiment that friction had a uniform resisting power that might be 
intensified by pressure : Prony contrived a brake to apply this retarding newer to bring revolving 
shafts to given or required uniform velocities, so that the power applied by, or conserved in, a 
machine might be measured. Prony's brake, in its simplest form, is shown in Fig. 1262. Let the 
circle O be a cross-section of a horizontal shaft, 
which is revolving, but not uniformly; M, M, A, 
is the brake, the pressure of which may be in- 
creased or diminished by tightening or loosening 
the screws «, «, respectively. A circular cavity is 
made in the two wooden jaws M, M', which re- 
ceives the revolving shaft O ; the upper jaw M is 
lengthened to support a balance scale A P, which 
may be loaded with any required weight. The 
operation which we are about to describe must not 

be confounded with that of weighing a body by means of a lever and fixed prop. Now, suppose 
that a shaft O makes k uniform revolutions a minute, and, at the same time, (bives any machinery 
whatever, and that we require to know the amount of power employed in driving sucli machinery. 
To effect this object, the communication between the suaft O and the machinery driven by it must 
be removed, and the brake so tightened on the shaft that it will make just k revolutions a minute. 
IVhile the brake is being pressed by the screws ^, e, to obtain the necessary amount of friction, it 
is prevented from being turned with the shaft by proj^s. Then weights are placed in the scale A, 
to bring the arm M A into a horizontal position : the props which prevented the brake from being 
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whirled round with the shaft are not in contact with the brake when M A is horizontal. When 
the brake is thus screwed up and poised, the shaft must continue to make k uniform revolutions a 
minute ; then the power transmitted by the shaft O may be calculated. Let P be the weight sus- 
pended at A, and p the perpendicular distance from the centre of O to the line A P ; Q the 
weight of the scale and that part of the apparatus which assists the weight P ; G its centre of 
gravity, and g the perpendicular distance from O to the line G Q. The reaction of the friction of the 
jaws M, M', upon the revolving shaft O may be resolved into normal forces n, n\ n", .... and 
tangental forces /, /*, /*',... . acting in the direction of the rotatory motion. When the equi- 
librium of the apparatus is established, the sum of the moments of these dilSerent forces, in relation 
to the centre of O, must be equal to zero. But the normal forces have no moments, and if r be 
put for the radius of the shaft, we have the equation fr+fr+f'r-^- . . . . — Fp — Q 5 = O. 
Or putting 5/ r for the sum of the forces fr+fr + f'r+ . , , . we have the equation 

2/r = Pi> + Q\7. [1] 

Taking the angular velocity at the distance of a unit from the centre of (see Angular Yelocitt), 

the work of friction for one revolution is found by multiplying 2/r by 2 t, » being put = 8* 14159 

. . . . ; whence, if N = the number of revolutions a minute, and if (fi/ be put for the work of the 

2 IT N 
friction in a second, we have (£/ = -2^7- 2/r. When the value of the general expression con- 
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ventionally written 2/r, firom equation [1], is substituted, we have 



[2] 



(^ 



at. 




The weight P, required to bring A M to a horizontal position, and the perpendicular distance 
f>, are known. The moment Q^ maybe found in the fol- 126a. 

lowing manner: — The apparatus is weighed, as shown in 
Fig. 1263, by supporting the brake, detached, on a knife- 
edge I, and bringing the lever I A into a horizontal position 
by means of a weight P' attached to a cord, which passes 
over a fixed pulley, and is connected to the end A of the 
lever. The friction of tlie pulley being neglected, the ten- 
sion T is equal to the force r', and we have the equation 

Tp=:QqoTV'p^Qq, [3] 

The weight V is termed the permanent load. 

Substituting Vp for Q^ in equation [2], we obtain the equation 

N the uniform revolutions and P become known when the brake is perfectly adjusted. 

If, for example, p = 2^-50; P' = SO'', and the shaft O, Fig. 1262, to make continually forty 
uniform revolutions a minute when P = 120'^ , then N = 40, and the geneml expression 
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«/ = 



3 14159265x40 
30 



(120 + 30) X (2-5) = 1570-79633 



French units of work, or 1570*79633 kilogrammes raised the height of 1 metre. The French 

consider a horse-power = 75 kilogramme raised 1 metre in a secoud. 75 French units of work 

38000 
are equal to 542 -5 English units of work; -^ = 550; but 650 : 542*5 :: 1 : -9864; therefore an 
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English horse-power is a French horse-power, as 1 is to -9864 nearly. 1570*79633 -&- 75 = 20*94 
horse-power, according to the French method of measurement. 

Again, suppose p = Sfi.; P' = 50 lbs.; P = 250 lbs.; and N = 40; then 

^ 31416x40 



30 



(250 + 50) 8 = 10052-12 units of work a minute; 
10052-12 



550 



= 18-28 horse-power (English). 



In practice, the jaws are not directly applied to the shaft; but if the latter is of cast iron, 



a circular frame, expressly framed and bored for tliat pur- 
pose, is fastened to it by means of adjubting-screws. If 
the sliaft is of timber, and of a large size, it is surrounded 
by a ring formed of two parts and provided with tjcrews 
for its correct centering; tliis ring is fastened to the shaft 
by means of wedges. In both cases the jaws of the brake 
are applied to tiie circular frame or ring, as shown in 
Fig. 1264. 

If the product "Xfr or r 2/ remains the same for an 
equal numoer of horse-power, 2/ is so much greater, the 
smaller r is taken. But the friction may thus become 
too great, and by altering, consequently, the contacting 
surfaces, it will also lose its uniformity. Experience has pioved that with 
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a diameter of between 
16 and 20 centimetres, 
30 „ 40 
60 .. 80 



»» 



f) 



II 



and a velocity of between 
20 and 30 revolutions per minute, 
15 „ 30 
15 „ 30 
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I) 



n 



the power can be measured of 
6 or 8 horses, 
ir) „ 25 „ 
40 „ 70 
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point A itself, but to the end of * • 

ened to odb of the jawa. It thus \ 

ever begina to turn round with fji' 
a of the weight P increases im- j ' _ ^ 
ition ceaainij; to be prepouderftnt, 1 
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A high speed it, besides, fsTonrable to the regnlarity of the experiment, as H. Morio hu ooo- 
finned at Btmohet. A uniform friction is neceauarj for the maintenauoe of the equilibrioffi of ths 
lever during the rotatory motion of the shaft ; the lever sssmnea always a little oenilUting motioii, 
which is of no oonaequence at long as it keeps within strict limits ; but if these oscitlations become 
considerable, an irregularity in the friction has talien place, and the retarding power of the fric- 
tion c&nnot under ench circumstances be measured- 
Oil account of the length of the lever, the weight at A, Fig. 1262, may of itself tighten tbe 
Borews; in order to remove this inconvetiionce, which soroetimes produces false results, M. Poncelet 
has proposed to make the two jaws of equal length, and to place tho bolts near tlie point A, 
Fig. 1265. The flexibility of the wood permits a gradual tightening, which renders this oiroDge- 
ment preferable to the ordinary one. 

To establish stable equilibrium, H. PoDcelet applied »■*. 

the weight, not to the point A itself, but to Uie end of ^ 
a vertical rixl A B, fastened t< - ■ ■ ■ - ~ 

happens, that if the lever b 
the shaft, tbe lever-arm of t 
mediately, and the friction m 
the apparatus returns to its equilibrium. 

IE the shaft is vertical, the weight cannot be applied 
directly to the end of the lever, but a cord fastened to 
it is made to pass horizontally va a perpendicular direc- 
tion over a fixed pulley. 

A plummet suspended before the end of the lever trill show tbe position of the brake when 
equilibrium is establiahed. 

M. Morin has extended the useful application of the brake es a dynamometer, for he does 
more than measure by it the work done for a given or required unifbrm velocity of a shaft. 
Tbe extended application to which we allude may be thus described ; — 

When the shaft turns round without meeting with any resistance, and after the supports of the 
lever have been removed, a weight between 5 and 10 kilogrammes is placed at the end of the 
lever; the screws are now tightened, till an equilibrium of the apparatus is eetablished. The 
uniform velocity or speed of the shaft is moasiu-ed, and the units of work done are asoeriained. A 
new weight is again added te that already acting at the end of the lever ; the screws are mado 
more tight, unlil equilibrium is again eatabliehed, and the unifnrm speed of the shaft and tbe 
work performed are determined. The weight at the end of tbe lever is gradually increased, aod 
the screws for the establishment of an eouilibrium tightened, till the shaft stops or turoi in au 
irregular manner. The work dona, in each second, is thus obtained for a variety of unifonn speeds, 
from the greatest to the least passible. A curve is drawn, the abscisste of which represent the 
velocities, and the co-ordinates the correspondiag values of the ratios between the work given by 
the brake and the work of the motor. This curve indicates the nature and power of the machine; 
it gives the performed work cotrespondiuz to an average uniform speed of a shaft, and, besidee, it 
shows the uniform speed which oorresponds to the maximum effect. 

Fi^. 1266 represents the results of a series of eipcrimeiits made with a turbine of the System 
Fontaine. The abscissie are proportional to the nmnfaer of revolutions of Uie wheel a minute, and 
the oo-otdinatee represent the corresponding values of the actual effects multiplied by 100. It 
will be seeu from the diagram that the muTimnni actual effect is produced with about forty.flve 

uniform revolutions, and that this maTiT min i is about 0"60, that is to say, the a'—' --.--i 

effect ia ' 60 of the motive power. 




7* 7i 

'Writen on mechanics, and especially those who attempt to 
explain the action of a brake employed as a regulator to pro- 
duce a uniform effect, do not draw a proper distinction between 
the action of a toggle, and that of a system of compound levers. 
To place this matter in a clear light we have only to explain the 
action of a simple toggle-joint, since the properties of the lever 
are well known. 

Let AB = BC = 14401 in. be the arms of a toggle-joint. 
Fig 1267 ; the point A is fixed, but tbe rod A B may be turned round A as a centre. The joints 
B and C are also looae, but C is oonttmined to move in a given path. In the right-angled triangle 
DCB = DABandDBperpendiculBrto AC; putting DB = 21in., then CD = DA^143-99in. 
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Suppose a force P of 200 lbs. to be applied at B, in the direction of B I> as indicated by the 
arrow P ; when the two bars A B, B C, are brought into a straight line in the direction of the 
arrow Q, what weight W may be thus moyed by the action of the force P? W is constrained 
to move in a given path by the action of the equal forces R and S. Units of work done by 

P= ^x 200 =40 units of work. 287*98 = AC, and AB+ BO =28802. 28802 - 287*98 = 

'04 in., the space over which W must pass in the direction indicated by the arrow Q when B is 

•04 '04 

moved from B to D. .". -r^ W = the units of work done in raising W, consequently rrr- W= 40, 

w 

or"7rrr- = 40: .•. W = 12000 lbs., which exceeds 5 tons. 

300 

John George Appold's brake, which constituted the most important part of the machinery 
employed to pay-out the French Atlantic Cable, owes its efficiency and success to a judicious 
application of the toggle-principle to ^268. 

control and regulate the retarding 
power of friction. The principle upon 
which Appold formed this mechanical- 
combination may be thus explained : — 
In Fig. 1268, is the pivot of the 
brake-wheel, the pivot. on which the 
lever C, A, B, works; W represents 
the weight on the brake. The brake- 
wheel D E is attached to the paying- 
out drum. When the friction of the 
brake-strap B D £ A is greater than 
the weight W, the latter is lifted up 
and takes a position w; C B A takes 
the position Oba; the strap takes the 
position 6 D E a ; and the force W may 
oe resolved into two forces, one acting 
along abcy which is neutralized by the 

Sivot C, and another P acting perpen- 
icular to C a ; the reacting force Q 
on the pivot C straightens the toggle 
O C a into its original position O C B A, 
by a ve^ trifling force Q. Thus the 
strap a E D 6 is relaxed and allows the 
wheel D£ to slip. 

J, G. Appold's Brake Apparatus for 
Ijoying Submarine Telegraphic GableSy 
Figs. 1269, 1270, relates to a novel 
arrangement or construction of a self-acting or self-relieving brake, which may be adapted to 
the drums, pulleys, or shafts of the apparatus employed for submerging or paying-out tele- 
graphic cables into the water. It is advisable that the strain on the cable while' being payed- 
out into the water should be always maintained as uniform as possible under all circumstances, 
so that no danger of breaking or damaging the cable by any sudden or undue strain may be 
apprehended. This object is effected by adapting to the snafts of the paying-out pulleys a drum, 
on the surface of which a uniform friction is maintained by means of binding minds or straps, 
which are connected with a weighted vibrating or movable lever. This lever is capable of beine 
weighted to any desired extent, according to the amount of friction required to be maintained. 
The weights or pressure put on the brake determines the friction thereof on the rotating drums, 
and consequently^the amount of strain on the cable, which strain can be regulated with nicety and 
great facility. The weights or pressure acting on the vibrating lever or other convenient part of 
the brake has a tendency to draw the friction strap or band tight on the rotating drum, while 
the rotation of the drum has a constant tendency to lift the weight, and, by loosening the strap 
or band on the drum, to relieve the brake from the pressure to whicn it is subjected. From this 
it will be understood that these two forces are acting in opposition, and consequently the one has 
a tendency to counteract the other, so that a uniform strain or friction is always maintained on 
the rotating drum, the amount of the friction being regulated by the amount of the pressure or 
weight adapted to the drum. 

It will now be understood that the brake is perfectly self-acting, and the friction thereof is 
always maintained uniform. Provision may be made for relieving the brake from pressure 
instantaneously when required by means of suitable gearing, whereby the weighted lever or levers 
is or are lifted up, and the friction straps or bands thereby loosened on the rotating drums. This 
may be effected by means of a hand-wheel, or by connecting the gearing with a drum or shaft to 
be actuated by the engine which works the paying-out gear. 

Fig. 1269 is a side elevation, and Fig. 1270 a plan view, of an apparatus for paying-out cables. 
The cable a enters the apparatus over a grooved guide-wheel or pulley 6, from whence it passes 
to one of the grooves of a four-grooved drum or pulley c, and after passing round this drum or 
pulley it is conducted round a similar grooved drum or puUey d, and so on, the cable being made 
to pass four times round the two-grooved drums c and* </, from which it is ultimately delivered 
over another pulley e, either directly into the water or through a dynamometer apparatus, 
whereby the tension or strain on the cable may be ascertained and indicated. On the axles or 
shafts A of each of the grooved drums c and d are two friction wheels or drums /, /, /♦, /*, which 




£20 BBAKE. 

are Burronuded bj frirlion-buidi g, •}, g*, •;*, provided with Beg^nGntal blncka of wood, which when 
the banda are drswD tight are made to pres« on the surfiice of the wheels or drama /, f, sud 
thereby produce the necegsary antaunt of friction to nrt an a hraie upon the dnmui. On the ends 
of the shafts A are m«unU4l the toothed nbeels i, i. Fig, 1270, wbicli are genred together by the 
pinion >. and tlierefore rotate at the oaiae Hpeed. Thin toothed gearini;, however, i» not required 
while the rnblo ie being lowered or nubmerged, and therefore it may be thrown out of gear during 
thU oi»mtiou, and will onl v be rcquinxl when the apparatuB i< used (o haul in the cable, as would 
be required in cane of accident to the cable. 



The ends of the straps or banda g, g», are accured in any convenient manner to pins *, *, Fig. 
1269, filed on (he vibratiDg levera /', T, each of which poiwcs through a hole made in the anna m. 
TheholcH in thei*e armaform the centres of motion of the levers I',!', and as these centres of ntotion 
are on one BJ de of the centre of the friction wheeU/,/*, and bands ,'/,'f*, it follows that by cansin;; these 
levers C, f, to move on their centres of motion, as indicated in Fig. IKIiS), they will either tighten 
or loosen the friction-bands, according to the direction in which the levers are moved. On the 
upper side of the bauds are fixed the blocks n, n, to which are attaclied tlie horizontal rods o, d, 
wiiich are secured at one end to one of the blocks h bj an adjustable attnchmenl, as ahonn in Figs. 
120, 1270, and they are jointed at their opposite ends to tlie vibrating bell-crank levers p,p. 
These lovers are supportitl in bearings fixed on tlie framing, and to tliu longer end of each in 
adapted a weight or weights, or a aysti'm of springs or other contrivances, whejcby the levers may 
be depressed : and by the levera thus drawing forward the horizontal rods ii, o, they will tend to 
tigliten tlie friction-bands ;;, (/•, round the friction-dnuns /, j*. It will now be undersloiid that 
as tlje cable is being payed-oot, it (by passing roiuid the grooved pulleys t and d) draws the 
friction-wheels /, /, round, aud by the friction of the wheels J on the imnds y*, y', teods to ojien 
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the latter, and thereby relieve the wheels from the friction of the bands. At the same time the 
weifi^hts or springy on the ends of the bell-orank levers py p, will draw the friction straps or bands 
y, g*, in the opposite direction, thereby having a tendency to tighten them on the friction-wheels 
/, f*. These two forces will always be acting in contrary directions, and any increase in the action 
of the one will be counteracted by the other. In order to prevent any jar in the machinery by 
the weights at the end of the bell-crank levers />, p, suddenly descending when the friction on the 
bands or straps g, g*, alters, it is convenient to attach to the weights, which are made of a cylin- 
drical or other convenient jform, a piston, which is made to work in a cylinder q. This cylinder 
or daah-pot is supplied with water, and 
ns the piston is made pretty nearly to 
fit the internal diameter of the cylinder 
q, the water will to some extent mode- 
rate and regulate the motion of the 
weights, and will prevent them from 
jumping up and down. It is conve- 
nient to cause the friction-wheels to 
rotate or work in water, as shown at 
Fig. 1270, for the purpose of keeping 
them cool. 

When a dynamometer apparatus 
is employed in conjunction with the 
paying-out apparatus, for the purpose 
of indicating the changes that take 
place from time to time in the tension 
of the cable, Apix)ld employs an appa- 
ratus constructed upon an improved 
plan, whereby weights are dispensed 
with, and springs employed in place 
thereof. The cable when delivered 
from the paying-out apparatus above 
described, passes from the delivery 
pulley under or over a movable pulley, 
which is mounted on a block that 
works up and down in vertical guides. 
This block is supported at a given 
altitude in the guides by means of 
coiled or other springs placed either 
above or below the pulley, which is 
made to bear against the cable, and 
as the tension thereof varies, so the 
pulley with its block is caused to rise 
or fall in its guides, as is well under- 
stood in reference to ordinary djmamo- 
meters. This invention shows that 
John George Appold was a man of 
considerable genius and profoimd me- 
chanical skill. 

The Prony dynamometer-6ra^ employed 
by J. B. Francis in making experiments 
on hydraulic motors is shown in Figs. 1271, 
1272; Fig. 1271 is a sectional elevation, 
and Fig. 1272 is a sectional plan. The fric- 
tion-pulley A is of cast iron, 5*5 ft. in 
diameter, 2 ft. wide on the face, and 8 in. 
thick. It is attached to the vertical shaft by 
the spider B, the hub of which occupies the 
place on the shaft intended for the bevel- 
gear. The friction-pulley has on its interior 
circumference six lugs G, C, corresponding 
to the six arms of the spider. The bolt- 
holes in the ends of the arms are slightly 
elongated in the direction of the radius, for 
the purpose of allowing the friction-pulley 
to expand a little as it becomes heated, 
without throwing much strain upon the 
spider. When the spider and friction-pulley 
are at the same temperature, the ends of 
the arms are in contact with the friction- 
pulley. The friction-pulley was made of 
great thickness for two reasons. When 
the pulley is heated, the arms cease to 
be in contact with the interior circum- 
ference of the pulley, consequently they 
would not prevent the pressure of the brake from altering the form of the pulley. This renders 
great stiffness necessary in the pulley itself. Again, it was found that a heavy friction-pulley 
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increases more regularity in the motion, operating, in fact, as a fly-wheel, in equalizing small 
.irregularities. 

The brakes E and F are of maple wood ; the two parts are drawn together by the wrought- 
iron bolts G G, which are 2 in. square. 

The bell-crank F' carries at one end the scale I, and at the other the piston of the hydraulic 
REQULATOB K ; this end carries also the pointer L, which indicates the level of the horizontal arm. 
The vertical arm is connected with the brake F by the link M, Fig. 1273. 

The hydraulic regulator E, Figs. 1271, 1272, and 1274, is a very important addition to the 
Prony dynamometer-brake, ftret suggested by Boyden in 1844. Its office is to control and modify 
the violent shocks and irregularities which usually 
occur in the action of this valuable instrument, and 
are the cause of some uncertaintv in its indications. 

The hydraulic regulator used in these experiments 
consisted of the cast-iron cylinder K, about 1*5 ft. in 
diameter, with a bottom of plank, which was strongly 
bolted to the capping-stone of the wheel-pit, as repre- 
sented in Fig. 1271. In this cylinder moves the piston 
N, formed of plate iron 0*5 in. thick, which is con- 
nected with the horizontal arm of the bell-crank by 
the piston-rod O. The circumference of the piston is 
rounded off, and its diameter is about ^ in. less than 
the diameter of the interior of the cylinder. The 
action of the hydraulic regulator is as follows : — The 
cylinder should be nearly filled with water, or other heavy 
inelastic fluid. In case of any irreg^ularity in the force of 
the wheel, or in the friction of the brake, the tendency will 
be either to raise or lower the weight ; in either case the 
weight cannot move, except with a corresponding movement 
of the piston. In consequence of the inelasticity of the 
fluid, the piston can move only by the displacement of a 
portion of the fluid, which must evidently pass between the 
edge of the piston and the cylinder ; and the area of this 
space being very small, compared to the area of the piston, 
the motion of the latter must be slow ; giving time to alter 
the tension of the brake-screws before the piston has moved 
far. It is plain that this arrangement must arrest all vio- 
lent shocks ; but, however violent and irregular they may 
be, it is evident that, if the mean force of them is greater 
in one direction than in the other, the piston must move in 
the direction of the preponderating force, the resistance to 
a slow movement being very slight. A small portion of 
the useful effect of the terbine must be expended in this 
instrument ; probably less, however, than in the rude shocks 
the brake would be subject to without its use. 

For the purpose of ascertaining the velocity of the wheel, 
a counter was attached to the top of the vertical shaft, so 
arranged that a bell was struck at the end of every fifty revolutions of the wheel. 

To lubricate the friction-pulley, and at the same time to keep it cool, water was let on to its 
surface in four jets, two of which are shown in Fig. 1272. These jets were supplied from a large 
cistern, in the attic of the neighbouring building, kept full by force-pumps. The quantity of 
water discharged by the four jets was, by a mean of two trials, 0*0288 cubic ft. a second. 

In many of the experiments with heavy weights, and consequently slow velocities, oil was u«ed 
to lubricate the bnike, the water, during the experiment, being shut off. It was found that, with 
a small quantity of oil, the friction between the brake and the pulley was much greater than when 
the usual quantity of water is applied ; consequently, the requisite tension of the brake-screws was 
much less with the oil, as a lubricator, than with water. This may not be the whole cause of the 
phenomenon ; but, whatever it may be, the ease of regulating in slow velocities is incomparably 
greater with oil, as a lubricator, than with water applied in a quantity sufficient to keep the pulley 
cool. The oil was allowed to flow on in two fine continuous streams ; it did not, however, prevent 
the pulley from becoming heated sufficiently to decompose the oil, after running some time, which 
was distinctly indicated by the smoke and peculiar odour. When these indications became very 
apparent, the experiment was stopped, and water let on by the jets, until the pulley was cooled. 
As the pulley became heated, the brake-screws required to be gxi&dually slackened. 

In the experiments, in Table II. (see Tubbine Wateb-wheel), the lubricating fluid was a» 
follows : — 

In the flrst twenty-six experiments, water alone was used. 

In the four experiments numbered from 27 to 30, three gnllons of linseed-oil were used. 

In all the experiments requiring a lubricator, and numbered from 31 to 48, inclusive, linseed- 
oil was used. 

In experiments 49 and 50, resin-oil was used. 

In experiments numbered from 51 to 60, inclusive, water alone was used. 

In experiment 61, resin-oil was used. 

In experiment 62, resin-oil and a small stream of water were used ;— in the latter part of the 
experiment, a good deal of steam was generated by the heat of the friction-pulley. 

In experiment 63, resin-oil alone was used. 
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In oiporiments nnmbered from 81 to 84, inclunive, water alone was used. 

In eiperimenta 65 and 86. reein-oil and a amall stream of water were used. 

In experiment 67, icain-<)il alnne waa lued. 

In eiperimenta 90 and 91, water atone waa nsed. 

In eiperiment 92, reHin-oil and b mnall stream of water were nsed. 

A special apparetua was [o/ivided to indicate the direction in which the water left the wbeeL 
For this purpose the vane P, Figs. 1271, 1275, 1276, was placed near the circumference of the 
wheel, and was kejed on to the Tertical shaft Q, 
which turned freely on a step resting on the wheel- 

C": floor. The upper end of the shaft carried the 
nd B, Fig. 1271, and directlj' under the hand was 
ilaccd the graduated semicircle B, divided into 180°. 
vane was parallel to a tangent to the cir- 
I of the wheel, drawn through the point 
nearest to the axis of the vane, and the vane was in 
the direction of the motion of the wheel, the hand 
pointed at 0°, and, oansequenlly. when the vane wm 
in the direction of the mdios of the wheel, the hand 
painted at 90°. To prevent sudden vibrations of the 
vane, a modification of the Aydraallc reipilator was 
attached to the lower part of the vane-shaft. This 
apparatus is represented in detail bjr Fiea. 1275, 1277. 

The quantity of water diachareed by the wheel 
waa gauged at a weir erected Cor the purpose at the 
moutn of the wheel- pit. 

As the water isaned from the oriflcea of the turbine 
with considerable force, particularly when the velocity 
of the wheel was much quicker or slower than that 
corresponding to the maximum coefficient of effect, 
there were often such violent commotions in the wheel- 
pit, that, unless some mode was adopted to diminish 
them before the water reached the weir, or even the 
place where the depths on the weir were measured, 
it would have been impoeaible to make a satiitfactory 
gauge of the water. For this purpose a grating was 
placed Boroga the wheel-pit. Tiiis grating presented 
numerous apertures, nearly uniformly distributed over 
ita entire Eueo, through which the water must pass. . 
In the experiments with a full gate, the fall from the 

upper to the lower side of the grating was generally ,,„ 

from 3 to 1 in. The oombined effect of this fall and of the 

Diuneroua small apertures waa to obliterate almoet entirely the f^' p ) 

whirls and commotions of the water above the grating. About 
4-5 ft. in length of the grating was so nearly closed that but 
little water passed through that part of the grating ; this mode 
it very quiet in the vicinity of the gauge-box. 

The weir consisted of two bays of nearly equal length ; the 

crest of the weir was almost exactly horizontal, and the <""' 

variation did not exceed O'Ol in. The crest of the wei. 

cost iron, planed on the upper edge, and also on the u, 

face, to a point 1 ' 125 in. I^low the top : below this there was a 

small bevel, also planed, the slope of which, on an average, waa i 

-A in. io a height of f in, ; the remainder of the casting waa | 

unplaned. The crest of the weir was f in. thick, and was hori- 

lootal. The upstream edge was a sharp comer. The ends of 

the weir were of wood, and of the same form as the crest, 

except that there was no bevelled part. The crest of the weir 

was about fi'5 ft. above the floor of the wheel-pit. The ends 

of the weir projected from the wnlla of the wheel-pit, and aleo 

from the central pier, a mean distance of 1 ' 235 ft. The length 

of one bay was 8 - 489 ft., and of the other 8 ' 491 ft., making the total length of the weir 16 - 98 ft. 

The depth of the water on the weir was taken in a gauge-box by means of the hook-gauge L, 
which is represented in detail in Figs. 1278 to 1280. 

The hook-gauge is the invention of Boyden, and Is an inBtrument of incgtimablo value in 
hydraulic experiments. In 'Verauche iiber den ausfluss dea waBscni durch schieber, hahne, 
klappen und venlile,' by Julius Weiabach, Leipzig. 1642, pago I, in described an instrument for 
observing heights of water, having a slight reBemtilance to the hciok-gauge : it was, however, used 
by Boj'den in a more perfect form several yeara previoua to the publication of that work. All 
other known methods of measuring the heights of the surface of still water are seriously incom- 
moded by the cfl'ects of capillary attroclion; this iustrument, on the contrary, owes its extra- 
ordinary precision to that phenomenon. Tlie point of the hook A, Fig. 1270, is represented as 
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Cflmciding with the matace of the water. If the point of the hook shntild be ft very little above 

the Furfftce, the water in the immediate vicinity of the hook wonld, by capillary attraction, be 

elevated with it, caiuing a dintortiou in the reflection of the j,,^ j^, 

light from the aurface of the water. Tlie most convenient 

method of obHorving with this inBtmment ii, firat, to lower 

the point of the hoolc, by means of the screw, to a little 

distaneo below the surface ; then to mise it again slowly, by 

the same meane, until the distortion of the rellection begins to 

show itself; then to make a slight raovement of the screw in 

the opposite direction, so as just to cause the distortion to dis- 

niipear: the point will then be almost exactly at the level of 

the surface. 

With no particular arrangements for directing light on the 
surface, differenceii In height ot 001 ft. are very distinct 

JuaDtilLGB; but by epecinl arrangements for light and vision, 
ifferenccH of 0-0001 ft. might lie easily appreciated. 
As this inntrutnent cannot be efflciently used in a current, it 
was placed in a box in which the communication with the ei- 
terioi was maintained b; a hole, when, by partially obstmctinf; 
this communication, the extent of the oscillations oonld be 
diminished at will. 

For very exact observations it is essential that the surface 
of the water should be at rest. If. however, it shonld oscillate 
a little, a good mean may be obtained by adjusting the point 
of the hook to a height at which it will be visible above the 
Borface of the water only half the time. 

The movable rod to which the hook was attached was of 
copper, and graduated to hundredthH of feet, but by means of 
the nemier thousandths were measured, and in some caaea teo 
tbouaandths were estimated. In later and more perfect fonus 
of this instrument, the point of the hook ia immediately under 
the graduation. 

The heights of the water in the fore-Tiay and in the wheel- 

Kwere taken by means of gauges, placed in the gauge-boies. 
th gauges were gnuluatcd to feet and hundredths, and both 
had the name zero-point, namely, the luvcl of the crest of the 
weir, an that the difference in the readings at the two gaoges 
gave at once the fall acting upon the wheel ; and the difference 
between the deptlis of the water on the weir, as observed at the 
hook-gauge, ana the reading at the gauge, gave the fall at the 
grating. 

The heights of the regulating-gate were taken at the tack. 
The weights used for measuring the ueeful effect were pieces of 
pig-iron of various sizes, each of which bad been distinctly 
marked with its weight. 

ifode of OmdiKtiiu/ t/ic Eiperimenls. — A separate observer 
was appointed to note each class of data : the time of each 
observation was also noted, which gave the means ot identifying 
simultaneous observatiuus. To accomplish this, each observer 
was furnished with a watch having a eemnd-hand; the watch 
by which the speed of the wheel was observed was taiien 
as the standard ; all the others were frequently compared with 
it, and when the variations exceeded ten or fifteen seconds 
they were either adjusted to the standard, or the difference 

This mode of observing must, evidently, lead to more precise 
results than that in which a single observer, however skilful, 
undertakes to note all the phenomena, or even several of them. 
By the method adopted a iWular record is made of the state of 
things at veiy short intorvala, furnishing the data for a mean 
result for any required period, and also the meana of detecting, 
in most cases, the causes of apparent discrepancies. It also 
relievos the experimenter from the distraction of having nume- 
rous exact observations to make in a very short time, and leaves 
him much more at liberty to exercise a vigilant watch over the 
general course of the experiment. 

As it may be useful to experimenters not accnstomed to 
this mode of observing, and at the same time afford the reader 
some means of judging of the aecnraey of the results ob- 
tained in these eiperimcntB, the following extracts are given 
from the original note-books. The extracts inclnde the data 
observed for experiment numbered 30 in Table II. (see Tubbine 
Wateb-whkkl). This experiment is selected simply because it gave the maximum coefficient of 
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Weight in the Scale. 



4043' added 

Weight for the next experiment 



Ibt. m. 

1498 lOi 

26 Oi 

1524 10} 







Speed of the 


Wheel. 






TtaDM at which th* 
Bell struck. 


DiflleRnoM. 


TlmM At which the 
BeUttmek. 


DifhreDOM. 


TtaDM at which the 
Bdlitrnck. 


DUTcrcnoM. 


hiB. mla Ma 
4 55 58-00 

56 56-50 

57 55-25 

58 54-25 

59 5300 


ie& 

58-50 
58-75 
59-00 
58-75 


hn. oUn. wc 
5 52-00 

1 50-75 

2 49-50 

3 48-00 

1 


■ec. 

59-00 
58-75 
58-75 
58*50 


hn. miD. aea 
6 4 47-00 

5 45-50 

6 44-25 

7 43-00 


MC 

5900 
58-50 
58-75 
58-75 



The bell stmok onoe in every fifty reYolutions of the wheel. 





Eleyatiok of the PonvTEB ON THE Bell-Cranx. 




ThnA 


Hdght of 


TlnMi. 


Height of 


Time. 


Heigjitof 




Pointer, in FmL 


A llllfli 


Pointer, in Feet 


Pointer, in Feet 


hn. min. aec 




hxt. min. mc 




hn. mln. lea 




4 55 


0-19 


4 59 30 


0-20 


5 4 


0-17 


30 


0-13 


5 


0-18 


30 


018 


56 


013 


30 


0-19 


5 


0-24 


30 


014 


1 


0-21 


30 


0-18 


57 


0-15 


30 


017 


6 


019 


30 


0-19 


2 


0-20 


30 


0-19 


58 


0-20 


SO 


0-19 


7 


0-16 


30 


019 


3 


019 


30 


0-14 


59 


0-21 


30 


0-19 







The extremity of the pointer was 6-5 ft. from the falcnun of the bell-crank. When the 
horizontal arms of the bell-crank were level, the height of the pointer was 0*20 fL 





Height of the Water abote the Wheel. 




Time. 


Height in Feet 


Timei 


Height in FMt 


Time. 


Height In Feet 


hm min. lec. 




hnL mln. eec. 




hn. min. lec 




4 55 


15-100 


4 59 30 


15-110 


5 4 


15-120 


30 


15-100 


5 


15115 


30 


15 120 


56 


15-100 


30 


15-120 


5 


15120 


80 


15-100 


1 


15-120 


30 


15115 


57 


15110 


SO 


15110 


6 


15115 


30 


15-115 


2 


15 105 


30 


15110 


58 


15110 


30 


15-100 


7 


15*110 


30 


15-100 


3 


15115 


30 


15-110 


59 


15-105 


30 


15-125 







The top of the weir is the zero-point of the gauge in the fore-bay. 
Height of the Wateb after passing the Wheel. 



Tboei 


Height In Feet 


Time. 


Hrlght In Feet 

1 


Time. 

1 


Height In Feet 


hn. mln. lec. 




hn. mln. kc 




hn. mln. see. 




4 56 


2*20 


5 


2-21 


5 4 


2-22 


30 


2-21 


30 


2-21 


30 


2*21 


57 


2-21 


1 


2-21 


5 


2*21 


30 


2-21 


30 


2-21 


30 


2-21 


58 


2-21 


2 


2*21 


6 


2*21 


30 


2-21 


30 


2*21 


30 


2-20 


59 


2-20 


3 


2-20 


7 


2*22 


30 


2-21 


30 


2-20 


30 


2*20 



The top of the weir is the zero-point of the gauge in the wheel-pit. 
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Heioht of the Water abote the Weir by the Hook-Gauoe. 



Time. 


Height, in Feet. ' 


1 

Time. 

1 


HHght. In Feet 


Time. 


' Height, In Feet. 


hre. min. lec. 




hre. min. sec. 




1 bra. min. sec 




4 57 5 


1-8710 


5 1 10 


1-8690 


5 4 35 


1-8730 


58 15 


1-8710 


1 45 


1-8700 


5 50 


1-8725 


58 50 


1-8720 


2 15 


1-8720 


6 25 


1-8725 


59 20 


1-8730 


2 50 


1-8720 


6 55 


1-8725 


59 50 


1-8715 


3 15 


1-8715 


7 20 


1-8720 


5 15 


1-8715 


8 40 


1-8715 


7 45 


1-8715 


45 


1-8705 1 


4 5 


1-8730 

t 
\ 







The zero of the hook-gauge was 0-002 ft. behw the top of the weir. 
Direction of the Water leaving the Wheel. 



Time. 


Direction. 


Time. 


Direction. 


Time. 


Direction. 


hTB. roin. Bee. 


O ' 


, bra. min. sec 


O f 


hn. min. aec. 


o » 


4 57 


59 


5 1 


57 


5 5 


58 


30 


57 


30 


59 30 


30 


59 30 


58 


59 


2 


58 


6 


59 30 


30 


58 


30 


57 


30 


57 


59 


58 


3 


60 


7 


59 


30 


58 30 


30 


58 


80 


57 30 


5 


57 


4 


59 


8 


59 


30 


57 30 


30 

1 


56 







When the vane pointed in the direction of the radius of the wheel, the reading of the index 
was 90°. (P was in the direction of the motion of the wheel. 

Previous to the commencement of the experiments, the apparatus for measuring the useful 
effect was carefully adjusted. The bell-€rank was balanced when there were no weights in the 
scale. For this purpose the link M, Fig. 1273, was removed, and the chamber ef the hydraulic 
regulator filled with water ; weights were then applied to the top of the bell-crank, near the end 
to which the hydraulic regulator was attached, until the whole was in equilibrium; the final 
adjustment was made, by placing a weight of about 2 lbs. at the extremity of one of the hori- 
zontal arms of the bell-crank, — the arm was retained horizontally until a signal was given, when 
it was left at liberty to descend, and the time occupied in descending a certain distance was 
noted; the weight was then removed to the extremity of the other arm, and the same process 
repeated. The balance-weights were altered untQ the times of descent were equal. To overoome 
as much as possible the friction of the fulcrum, the pin forming it was lubricated with sperm-oil, 
and during the descent the head of the pin was struck lightly and rapidly with a small hammer. 

After the bell-crank was satisfactorily balanced, the link M was reattached, and the brake 
adjusted by means of the screw which formed the connection between the link and the brake. 
It was adjusted so that a line upon the brake was perpendicular to the axis of the link, when the 
horizontal arm of the bell-crank was horizontal. The length of the brake was then measured 
upon this line. 

FecL 

The length of the brake as thus measured was found to be . . . . 9 - 745 

The effective length of the vertical arm of the bell-crank was .. 4*500 

And the effective length of the horizontal arm to which the scale 

was hung, was 5-000 

9-745 X 5 
Consequently, the effective length of the brake was ^TS = 10-827778 

The gauges in the fore-bay and in the wheel-pit were carefully adjusted by levelling from 
the top of the weir. This was repeated by different persons, so as to remove all chance of error. 

The Hook-gauge was compared with the weir by a different method. When the regulating- 
gate of the turbine was shut down as tight as possible, it was still found that a quantity of water 
leered into the wheel-pit, exceeding, a little, the quantity that leaked out of the wheel-pit, so 
that a small quantity continued to run over the weir. The principal leak into the wheel-pit was 
between the regulating-gate and the lower curb, the leather packing not being perfectly aajustcd. 
The Hook-gauge was firmly attached to a post, placed in the wheel-pit for that purpose, and at 
a height known to be nearly correct. The regulating-gate was closed, and after the water had 
arriv^ at a uniform state, the height of the water at the Hook-gauge was noted, and, at the same 
time, the depths of the water on the weir were measured directly with a graduated rule. To 
perform this accurately, a board, about 4 in. long, was held by an assistant on the crest of the 
weir, at the place where it was intended to measure the depth ; the author then applied the rule, 
previously well dried, vertically, on the top of the weir, in front of the board. On mi immersing 
the rule, the water in contact with it did not stand at the true level of the surface, but formed a 
little hollow around the rule ; it immediately commenced rising, however, and afber a few moments 
came to a level, which was indicated by the reflection of a light from the surface, a lamp being 
held by an assistant, in a proper position, for that purpose. 
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The depths on the weir, taken in the manner just described, February 20, 1851, were as 

follows : — 

Depths on the westerly Depths on the eMterly 

fifty of the Weir. Bay of the Weir. 

inches. inchc«. 

0-37 O'Sa 

0-36 0-36 

0-37 .. '.. .. 0-36 

0-37 0-36 

Means.. .. 0*3675 036 

Or in feet .. 0-0306 00300 



While the heights g^ven in the preceding Table were being measured, the depth by the 
Hook-gauge was constantly 0*0318 ft. ; consequently, by this comparison, the zero of the Hook- 
gauge was 0*0012 ft. below the mean height of the top of the weir, in the westerly bay, and 
0*0018 ft. below the mean height in the easterly bay, or 0*0015 ft. below the mean height in both 
bays. A similar comparison was made February 22, 1851, when the zero of the Hook-gauge was 
foimd to be 0*0024 ft. below the mean height of the weir. The mean of the two comparisons, or 
0*0020, was adopted as the correction to be subtracted from the reading of the Hook-gauge, to give 
the mean depth upon the weir. 

During the experiments, the levels of the water in the upper and lower canals were maintained 
nearly uniform. The height of the lower canal, at the place where the water, passing the weir, 
fell into it, varied a little, depending upon the quantity of water discharged by the wheel. It 
was highest when the wheel was running with the regulating-gate fully raised, and the brake 
removed ; under these circumstances the surface of the water was from 0*3 ft. to 0*4 ft. below the 
top of the weir. In the other experiments with the regulating-gate fully raised, the fall from 
the top of the weir to the surface of the water in the lower canal was from 0*4 ft. to '6 ft. The 
brackets and the planks were not put on until after the turbine experiments were concluded, so 
that the water passing the weir met with no obstruction until it struck the water in the lower canal. 

The obstruction caused by the planks was scarcely appreciable, which renders it certain that 
the effect of the lower canal, in obstructing the flow over the weir, must have been entirely 
inappreciable. 

Emeraon^s Dynamometer'Brake. — A reliable dynamometer-brake, like that of James Emerson, 
Fig. 1281, which would show the amount of power transmitted at all times and under all ciicum- 
stimces, is a useful instrument. When the object is merely to ascertain the amount absorbed or 
required by a single machine, a series of machines, or a line of shafting, or the necessary means 
of transmitting power, a temporary attachment of the power-measurer, Fig. 1281, will be sufficient ; 
but there are cases where a permanent attachment of the device is desirable. Such are all cases 
where the users of mechani(»J power are hirers, and pay so much for each horse-power used. The 
method of guessing or averaging, based on width of belt, size of pulleys, and weight of shafting, is 
hardly accurate enough where the cost of production of power is felt, as where the power is supplied 
from a steam-engine, or a water source liable to diminish in amount, or fail entirely., The 
dynamometer-bra^e should also be so simple in construction, and so exact in operation, as to be 
readily understood, and afford no possible or justifiable cause for controversy between hirer and 
letter of power. Such is the design of the device of Emerson. 

It is very simple in construction, and direct in ojperation. The pulley A is loose on the shaft, 
and receives the power. Its connection with the shaft is made by means of a wheel, keyed or 
screwed firmly to the shaft in dose contiguity with the receiving pulley, its hub, in fact, forming 
one of the guides to the position of the pulley on the shaft. To connect this fixed wheel with the 
loose receiving pulley, a bell-crank lever is pivoted into projecting ears on the rim of the fixed 
wheel on opposite sides, the long arm of which connects with an annular slotted collar on the 
shaft by means of the short bars B. The short arms of the bell-crank levers connect on the 
inside of the fixed wheel with two radial bars, one parallel to the outer arm of the bell-crank, and 
the other at right angles to it, receiving near its upper end a pivot passing through a swivel hung 
to the rim of the fixed wheel, and having its extreme end ^pivoted to a stud fixed on the inner side 
of the rim of the receiving pulley. It wHl be seen from this description that the strain of the 
power received through ^e belt on A will necessarily react on the levers, and, through them, on 
the fiixed wheel, which may be considered nothing more nor less than a support to these levers in 
sustaining them in position to connect the loose receiving pulley with the shaft. 

At B it will be seen the levers are connected by pivots with the sliding collar, in the annular 
groove of which is seated a strap with which is connected a forked lever, the fulcrum at G. To 
Sie end of the long arm of this lever a rod with a short section of machine chain is attached. 
This chain runs over the cylindrical head D of a pendulum weight E, having a pointer that 
traverses a fixed quadrant F, properly divided by a scale to denote the relative pressure exerted 
through the medium df the receiving pulley on the shaft. The pulley G is fixed to the shaft, and 
delivers the power. 

It will be seen that all the motions are absolute, there being no chance for play and back-lash, 
except Hiat of joints and pivots; and this, by good workmanship, can be reduced to the minimum 
— too little to oe taken into consideration practically. There is no dependence upon springs, 
spiral, or other forms, which are so liable to be affected by changes of temperature, and so 
unreliable between extremes of demand. It is a weighing machine as correct in principle as the 
old-fashioned steelyards or the platformnMales ; in fact, it is simply a rotary platform-soale, and 
each machine may be weighed and tested in place by hanging to the pulley A sealed weights, 

2 B 2 
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and mukiiig tbe index as each weiKbt la added. The lenj^ths of the ooimeeting-bMi ud ehAiQ 
are adjustable. The machine may be made of different Btzes, and in different s^lee. mitable tor 
testiDg all kinds of macbinery. One kind especially atiaplcd for EpinniDg-frtunes, looms, kc.: 
another to be oonnected bj belt (o a lice of shaftini;, or anjr kind of maohine. And one eapeciallj 
adapted for testing tiubine water-wheels, to which it ia easily applied, with bat oomparative 
■mall eipenae. 




John F. Gilman'a Hemp-BraH baa an adjaslable crosa-rail I, Fig. 12B2, aecured to two inclined 
arms J arranged in front of the tevolving beaters D in sncb a manner as to admit of the ctoes-iail 
being adjusted higher or lower when the hemp is passed over it on its passage to the beaters ; (he 
beaters being operated bj meaui of the oog-wbeel C. 
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desired. The beaten, provided with openings G, knives and cutters dy and saws e, are operated by 

means of pins a placed in one or more spiral rows on a cylinder A in connection with the slotted 

bed B, and a suitable spring or springs, all arranged 

so that the beaters will work consecutively in pairs 

and perform the operations of braking, scutching and 

feeding simultaneously. The knives d and saws e are 

attached to a few only of the beaters on the discharge 

side of the machine to cut the flax or hemp, and ako 

to separate the fibre from the woody portion, and 

divide it into finer threads. 

Fig. 1285 shows J. Bryant's Hemp and Flax Brake. 
A is tne frame, B the bed, and H the treadle. The 
beater C is operated in such a manner that in the 
event of its being impeded by tough hemp or flax, it 
mav vield, and thus avoid undue straining. To this 
end the rod' E, which connects this water with the 
working-beam F, is pivoted at its upper end to a zig- 
zag bar A' which has a limited range of motion on a 
pivot which secures it to the beam. A strong spring 
6 upon the top of the beam bears constantly on the 
zig-zag bar to nold it quite rigidly, but yot allow it 
and the beater to yield slightly when necessarv. 

Referring back to Fig. 1268, let £ D be a drum, O its axis, and let the direction of rotation of 
the drum be in the direction of the arrow Q. Let p and q represent the tensions of the two ends 
of the strap A and B, respectively. The tension p exceeds the tension q by an amount equal to 
the friction between the strap B D E A and the drum D £. If c be put for the length of the aro 
of the flexible brake which embraces a greater or a less aro of the drum or pulley, then putting r 
for the radius of the circle D £, and /for the ratio of the friction to the pressure, we nave the 
equation /« 




p = q€ 



m 



To solve equation [11 for any of the quantities p, q, r.f^ c, in a direct and simple manner has 
defied the skill of matnematicians who, with much labour and uncertainty, obtained results, 
firom [1], by tables, two systems of logarithms, cumbersome series, and empirical formulas. How- 
ever, equation [1] is readily solved, in a simple and direct manner without the use of tables, by dual 
arithmetic, a new art, invented by Oliver Byrne, the compiler and editor of this Dictionazy. 



From [1] we have \ 



' (f ) - 



(100000000, /) 



c 
X — 

r 



[2]. Since 100000000, = the dual 



logarithm of c = 2*71828183. 

Ex, 1.— Let r = 82 in., the radius of a drum ; the coefficient of friction / = '473 ; c = 48 in.^ 

the length of the aro of contact ; the ratio of p to g or the value of — is required. 

From [2] the dual logarithm of -^ = ^^SOOOW, x 82 ^ 31533333^ ^^^^^ j^y ]^ redueed to 
a dual number and the corresponding ordinary number found in a few minutes without extraneous 
aids. 31533333, = 3, 2, 9, 6, 0,6, 6,3,i, = j, (1-3707161). Hence th^ ratio-^ = 1-3707161 

exactly ; that is, if the tension p = 411 lbs., q = 300 lbs. 

£x. 2. — Required the length of the aro of contact c, without the use of tables, when r = 10 in. ; 
the tension p equal four times the tension q ; and the coefficient of friction / = -384. 

Fiom[l]weh.Tei,(-^)x.p55^;555^ = (c): [3]. In thia example A = 4, there- 
fore, nnoe i, (2) = 68314718, (c) = ^^^^^^^ ^° = 861Q144 in., the leqaiied •!• of contact. 

88400000. 

Byrne's 'General Method of Solving Equations of all Degrees;' 'The Toung Dual Arithmetician;' 
* Ihial Arithmetic, a New Art ;' ' Dual Logarithmic Tables.' 

See AoBicuLTURAL Implements. Belts. Dynamometer. Fbiction. Qeabino. Gotebnob. 

BRANDEKING. i^ Jtevetir te$ solivet de voligea; Geb., BeachaUn; Ital., LuteUore un 

BOffitto, 

Brandering is the covering of the under-side of joists with battens about 1 in. square in the 
section, and 12 to 14 in. apart, to nail the laths to,, m order to secure a better key for the plaster 
of a ceiling. 

BRAN-SEPARATOR. Fb., Dodinage; Geb., KUt ^iVfter; Ital., FnUhne; Spav., Cedaxo muy 
abierto. 

See Babk Macbikebt, p. 228, Figs. 544, 545. 

BRASS. Fb., Luiton, cuivrejaune; Geb., Messing; Ital., Ottone; Span., Ax6far, laUm. 

See Allots, Antimony, Bismuth, Coppeb, Lead, Tin, Zino. Aluminium, Absenic, 
Manganese. 

BRAZING CX)PP£R. Fb., 8(Atdure de htUm ; Gib., ffartUfthen ; Ital., Saldare •/ rame. 

See Tin and Coppeb Plate Wobkino. 

BRAZING SOLDERS. Fb., Soudttrtt; Gbb., UthmitM; Ital., Saldatura forte; Span., Sot- 
daduras. 

See SoLDEBuro. 
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BREAD MACHINE. Fb., Machine de boukmgerie; GsB., Bachnaschine ; Ital., Maochiita da 
far U pane ; Span., Mdquina paria fabrioar el pan. 

Bread and Biscuit Machinebt. 

The process of bread-making is closely connected with that of fermentation. Wheaten flour 
consists, essentially, of starch and gluten, combined with a small portion of dextrine and sugar. 
The tenacity of bread-dough is due to the gluten present in the flour ; the dough being produced 
by simply mixing the flour with a little water. 

If bread-dough be tied up in a piece of fine muslin, and kneaded under a stream of water, the 
starch will be suspended in the water, having passed through the muslin ; the gluten remains as 
a tough elastic mass, which soon putrefies if exposed to the air in a moist state, and dries up to 
a brittle homy mass at the temperature of 212^ Fahr. Gluten is a compound substance, and is 
found to contain carbon, hydrogen, nitrogen, and oxygen, in the proportions, nearly, of 24, 20, 3, 
and 7 respectively. 

When gluten is boiled in alcohol, a portion of it refuses to dissolve : this portion is termed vegeUMe 
P>rine. When this dissolved matter and alcohol are allowed to cool, a white flocculent substance, 
similar to the caseine which composes the curd of milk, is deposited. On adding water to this cold 
solution, the glutine is separated, which resembles the albumen found in considerable quantities in 
the blood. Although gluten presents three substances similar to the three principal components 
of the animal body, yet gluten separated from the flour by the process just described would be 
found very difficult to digest, on account of its resistance to the solvent action of the fluids in the 
stomach ; for it is well known that bread-dough, composed of flour and water, even when baked, 
is indigestible. In order to render bread-dough fit for food, it must be rendered spongy, that 
is, porous, so as to expose a larger surface to the action of the digesting fluids ; the most direct 
method of efiecting this is the one adopted in the manufacture of aerated-hread, which consists in 
mixing the flour with water that is highly charged, under pressure, with carbonic acid gas ; the 
mixing by this method is effected in a closed iron vessel, an aperture in the lower part of which 
is opened, then the pressure of the accumulated gsts forces the dough out of the strong iron vessel 
into the air; the gas which has been confined in the dough expands and gives porosity and 
sponginess to the dough. 

Another process for preparing unfermented bread consists in mixing the flour with a little 
bi-carbonate of soda ; this mixture is then made into dough with water acidulated with hydro- 
chloric acid ; the bread is thus rendered porous. The chloride of sodium, formed at the same time, 
remains in the bread. In the making of cakes and pastry, the same object is attained by adding 
carbonate of ammonia to the dough. When baking, the salt is converted into vapour which 
distends the dough. 

The tenacity of gluten, even in wheaten flour, is liable to variation; and in order to obtain 
good bread from a flour the gluten of which is inferior in this respect, it is customary to employ 
a small quantity of alum. This addition being considered unwholesome, it would be better to 
substitute lime-water, which has been found by Liebig to have a similar effect. Sulphate of 
copper improves in a very striking manner the quality of the bread prepared from inferior flour, 
but this salt is far more dangerous than aliun. 

Wheaten flour is particularly well fitted for the preparation of bread on account of the great 
tenacity of its gluten. Next to wheat, with respect to glutinous capacity, stands rye ; whilst 
the other cereals contain a gluten so deficient in tenacity that they cannot be converted into 
good bread. 

In the ordinary process of bread-making, the carbonic acid that confers sponginess upon the 
dough is evolved by the fermentation of the sugar contained in the fiour ; the fiour having been 
kneaded with the proper proportion, usually about half its weight, of water, a little yeast and salt 
are added, and the mixture is allowed to stand at a temperature of about 70- Fahr. for some 
hours. The dough swells or rises considerably, in consequence of the escape of carbonic acid, the 
sugar being decomposed into that gas and alcohol, as in ordinary fermentation. The spongy 
dough is then baked in an oven, heated to about 500^ Fahr., when a portion of the water and all 
the alcohol are expelled, the carbonic acid being, at the same time, much expanded by the heat, 
and the porosity of the bread increased. The granules of starch are much altered by the 
heat, and become more digestible. Although tlie temperature of the inside of a loaf does not 
exceed 212^ Fahr., the outer portion becomes dry and hard, the hottest part being scorched into 
crust. 

Instead of yeast, leaven is often employed, in order to ferment the sugar : leaven is a name 
given to dough which has been left in a warm place until decomposition has commenced. 

The passage of new into stale bread does not depend, as was formerly supposed, upon the 
drying of the bread consequent upon its exposure to air, but is a true molecular transformation 
which takes place equally well in an air-tight vessel, and without any loss of weight. It is well 
known that when a thick slice of stale bread is toasted, which dHes it stUl further, the crumb again 
becomes soft and spongy as in new bread ; and if a stale loaf be placed in an oven, it is reconverted 
into bread resembling new. 

With William Watson's bread-making apparatus. Figs. 1286 to 1292, the entire operation, from 
the mixing of the flour and the other ingredients to the final deposit of the dough in the oven for 
baking, is performed by machinery. 

The mixer consists of a horizontal cylinder, with flanges at each end, and a door at the upper 
part, throughout its length, for introducing the materuds, and through which the agitator or 
stirrer of the mixer may be removed. The cylinder is supported on suitable feet, and at one end 
is enclosed for about a third of its diameter by a flxed plate, which descends below the flange, 
and forms the base or foot at that end ; the upper two-thiids of the cylinder end is closed by a 
sluice-door, which can be raised as required to form an opening for the exit of the dough. The 
other end of the cylinder is fitted with a piston, which forms a dose end for the cylinder during 
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the mixing ; this piston can be traversed in tbe cylinder, in which it fits sufficiently tight for the 
expulsion of the dough. An opening is made in the piston for the passage of an axis to carry the 
agitator of the mixer, which axis is carried by a bearing supported by a bracket from the flange of 
the cylindrical chamber ; the axis at the other end passes through an opening in the sluice^oor 
fitted with a bearing fixed thereto, or the bearing may be separately supported from the fibange of 
the cylinder. The agitator of the mixer is made of a zig-zag kind of form, occupying the diameter 
of the cylinder, the several limbs of which extend across the diameter of the cylinder, and are all 
in the same plane, the angles at the extremities being all right angles, or nearly so. It has no 
central axis passing through it, being supported by a short axis at each end fitting into square 
holes in the extreme limbs of the agitator, which increase much in strength at those points. In 
order to strengthen and bind the several radial limbs or blades together, tie-rods are disposed in 
the direction of the axis, but distant about one-third the radius from the centre. The absence of 
the central axis prevents the dough collecting in the centre of motion. The limbs are inclined on 
both sides in opposite directions on opposite sides of the axis, in the manner of a screw, so that in 
rotating the agitator it forces the dough fix>m one end to the other of the mixer, and on being 
reversed carries it in the opposite direction. The agitator is dropped in edgewise by a tackle at 
the door above, the ends of the cylinder being so adjusted that the bosses of the end limbs of the 
agitator bear hard against the ends and make the axis-holes dough-tight ; the end limbs are also 
in close proximity to the ends, in order to scrape the adhering dough from them. The flour, water, 
and other ingredients having been emptied into the mixer, motion is communicated to the agitator 
by winch-handles at either end on the axis, or by means of a wheel and pinion. The dough having 
been mixed, the agitator and its axis are removed, and a long rack placed in the piston resting in 
a bearing, substituted for the axis-bearing, which is removed ; a pinion is disposed to take into the 
rack, the axis of which pinion is carried by bearings on the flange, and if the machine is small, 
may be driven by crank-handles on the pinion axis, but if large, a multiplying toothed gear and 
fly-wheel shaft is used, by communicating motion to which the piston will be forced forwards by 
the rack, and the dough expressed as required ; the same fly-wheel may also be made otherwise 
available when removed by placing it on the axis of the agitator. The sluice-door opens by 
means of a hand-lever, and is so adjusted as to emit the desired thickness of plastic dough, which 
is of a width proportionate to the size of the machine. The dough, when expressed, is received on 
an endless cloth moving on rollers and other supports, which is speeded to travel at the same rate 
as the expressed dough ; in emerging, the dough passes imder a duster, a perforated box contain- 
ing flour receiving a lifting and dropping motion from a cam acting on a lever carrying such box ; 
it then passes under a smooth roller, which smooths and reduces the dough to a uniform thickness, 
and under two or three rollers, if necessary. The thickness of dough which is sufficient for the 
substance of a loaf then passes under a rotating dividing cylinder, consisting of a series of dividing 
discs placed on a shaft; these discs are thick in the centre, but thinned towards the edge at the 
periphery, and present somewhat of a V ^^rm in a cross-section taken from the centre to the cir- 
cumference ; these discs are disposed on the shaft at distances apart, according to the size of the 
loaf to be made ; there are also dividing edges placed between the discs, parallel with the shaft, 
separating the circumference into equal parts, wnich are two, three, or more in number, according 
to the size of the loaves to be formed and also to the diameter of the divider itself. This divider 
is driven at a speed uniform with the endless cloth, down upon which it presses and divides the 
plastic dough into loaves. It does not actually cut the dough, the dividing edges being rounded, 
but simplv presses sufficiently deep creases in it to produce the subsequent separation required ; 
thus the breadth of dough is cut up into a greater or less number of loaves, according to its 
breadth : after passing under the divider the divided dough passes from the endless doth on to 
trucks to be conveyed into the oven. The cloth turns backwards under its carrying roller, from 
under which the trucks are pushed forwards at same rate as the dough travels, and these move on 
rails up to the oven-mouth. The cloth dips a little at the delivery end, and turns back under a 
very small roller, so that the drop of the dough on to the truck is very slight, and all moving at 
same speed it is readily carried away unintermittently as it is made, and the truck or car, which 
may or may not be of the length of the oven, is pushed forward on the sole until it occupies its 
position therein. 

The oven is constructed of two, three, four, or more chambers, one above another, each of the 
width of dough delivered by the machinery ; these chambers are of cast or wrought iron, placed 
between two brick walls, running from end to end of the oven, above the one chamber and below 
the other ; the flues traverse from end to end, the longitudinal flues communicating alternately at 
opposite ends, so that the mouths of the several baking cliambers or ovens are alternately at 
opposite ends, and must be filled in opposite directions. The fire and first flue is immediately 
under the chamber, and is considerably narrower than the chamber, in order to modify the heat ; 
the succeeding and upper flues are wider than the lower one, but stiU considerably less than the 
width of the chambers, in order to prevent excess of heat at the sides near the brick walls, which 
would otherwise be apt to bum the bread at each side. When one chamber is full, the truck- 
carrying rails are shifted to a higher one, and the next truck is carried into the next chamber 
above, and so on until idl the ovens are filled and the full batch delivered. Between the ^le and 
lower flue and the first chamber is a cold-air fine, which protects the chamber from the immediate 
heat of the fire ; the cold air traversing therein is admitted to the fire near the door, and supplies 
it with air with the door or blower closed, and so keeps the bakehouse cool. The trucks or cars 
consist simply of two parallel angle-irons, disposed and braced together at a sufficient breadth, 
and mounted on four or more wheels. The bottoms of the trucks are made of tiles or metal plates, 
which may have any given pattern, so as to impart an impression to the bottoms of the loaves 
placed thereon. The ovens are closed by doors that fall down and form a sole or stock-plate in 
front : the door being jointed to the sole of the door-frame in the manner of a butt-hinge, forms a 
close joint both with the door cloeed, and a level surface with the sole of the oven when open. 
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When baked, the bread la withdrawn from the oven, and may be broken asnnder and handled and 
distributed as usual. 

Watson, also, adapts this mixer to what is termed the expansion system of baking, that is, 
mixing the yeast with a small portion of the dough first, and such first portion with a larger 
portion, and so on. For this purpose an agitator is employed with a through axis and screw, luid 
fixed radial arms therein, which naye beyelled sides. 

Fig. 1286 is a side eleration of this machine, which exhibits the arrangement of the one 
usually employed ; Fig. 1287 represents a plan of the same with the dusting-box removed ; while 
Figs. 1288 to 1292 represent some of the parts detached. 

Fifif. 1288 is a vertical longitudinal section of the mixing and expressing vessel ; Fig. 1289 is 
an ena view of the same at the end firom which it is driven. 




A is the cylinder or containing vessel of wood or iron ; if of iron it should be lined with wood. 
It is mounted on feet or stand^ds B, B, and is furnished with a hinged lid or cover a. is the 
piston, which forms one end of the mixer, the other end being fitted with a sluice-door for allowing 
the dough to pass out. The agitator or mixer properly so called is formed of a series of pieces of 
iron united together by means of stays 6, b. The pieces D, D, are twisted in opposite directions 
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from the centre of motion so as to form inclines or ^^^i* 

screw surfaces, which in rotating have a tendency to 
force the material on which they are operating in one 
direction, that is to say, towards the end of the vessel ; 
the end limbs D', D', are somewhat stronger than the 
others, and have bosses with holes in which short shafts 
c, c\ are inserted from either end, and motion being 
communicated to which causes the rotation of the 
mixer. To transit the motion a screw wheel or pinion 
d is fixed on the shaft c' ; this gears into an endless 
screw e fixed on cross-shaft E. On this shaft is fixed 
a pinion / gearing into wheel ^, mounted on the main 
shaft F, which may be driven by a winch-handle A or 
otherwise. The ingredients having been placed in the 
mixer, and mixed and treated as before described to 
form dough and bread, and after allowing sufficient 
time for the dough to rise, it is forced out of the cham- 
ber A in the following manner : — We remove the short 
shafts c, c\ from the agitator D, D, and lift it out of 
chamber A, and then close and fix the lid a. A rack 
H, Fig. 1290, is now placed in the piston G, which it 
fits into and rests in a crutch-bearing h\ formed on 
the top of the outside bearine of shaft </. The pinion 
d is fitted to slide on shaft c', but to carry it round with 
it by means of a feather. To communicate motion to 
the piston C, the shaft E is moved in the direction of its length, which has the efiect of throwing 
a pinion «' fixed thereon into gear with the rack H, and at same time throwing pinion / out of 
gear with wheel y, and wheel i into gear with pinion ^, which reduces the speed of rotation of shaft 
E, and the pinion e' taking into rack H, imparts to it a longitudinal motion, and forces the piston 
G from its position at one end of the cylinder A towards the other end, and thereby compressing 
the dough in that chamber. To allow the dough to escape at the other end of the cylinder A, the 
sluice-door L is lifted up by a lever m to either of the dotted positions m, shown, the first 
being suitable for the formation, say, of 2-lb. loaves, and the second for 4-lb. loaves. The 
gland of bearing n of the shaft c is previously removed, and a solid plate substituted for it to 
prevent the dough being forced out thereat. The sluice-door L being lifted and fixed, say, at the 
lowest position, the dough contained in A by the pressure of the piston G will be forced out of 
the entire breadth of the opening of the sluice-door, and of regulated thickness, which will be 
contained in one uniform substance so long as any dough remains in the chamber A. From this 
chamber the dough is received on an endless web M, carried on rollers P and P', mounted on a 
suitable framework N, N. The endless web M is further supported by a table Q, extending under 
the entire breadth, supporting the weight of the dough, which forms a continuous slab, so to speak. 
It travels at a uniform rate, the endless cloth M beine driven at the same rate of speed as the 
dough travels by its expulsion from the chamber A. The cloth M is driven by a strap-pulley fixed 
on the axis of P and strap />, communicating with a rigger on the main driving-shaft i«^ and in its 
backward course underneath is rubbed in a tray containing flour to prevent the dough adhering. 
After emerging from chamber A, and while travelling on M, the dough is submitted to a dusting 
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operation from a dasting-box R, mounted above on a fulcrum q. This box or tray is the breadth of 
the dough, and has a perforated bottom. It contains flour, and preponderates on its fulcrum so as 
to fall against a stop or rest r. It is agitated by means of a double arm S, mounted on a rotating 
axis tt, ihe arms coming in contact with a truck-roller t, mounted on the side of the dusting-box R. 
The axis u is driven by a strap from a rigger on same axis as P, and power is transmitted thereto 
by strap-riggen to an axis S', on which the divider T is mounted. This divider consists of a series 
of cutting ridges arranged in circular and longitudinal directions, the edges of which come down 
on the endless web, or nearly so. This divider is driven at about the same speed as the dough, 
which, on passing under it, becomes separated, or nearly so, into blocks of a given size, say, for 
2-lb. loaves, which was the size before mentioned as arranged by the sluice-door L. If for larger 
loaves the mass of dough should be double the thickness, or another divider with larger cavities 
used. The several shafts are fitted in bearings in the framework N, and otherwise appointed, as 
shown in the figures. The divided dough, which is prevented sticking to the divider dv the flour 
drodged on it, continues its course on the endless web M until it arrives at P", where the divided 
dough Q is transferred to a truck U, disposed underneath in readiness for its reception. So soon 
as the dough begins to fall on to this truck, the truck also has a forward motion imparted to it, by 
a projection u on an endless strap v coming in contact with a projection w on the under-part of the 
truck. This endless strap is mounted on suitable pulleys, driven by a strap x from the axis of P'. 
The truck being mountea on wheels and suitable rails Y, travels along with its load towards the 
oven, which, as seen in the side view and plan, is immediately on end of the machine, so that as 
the truck is propelled forwards it entera the oven with its load of divided dough or loaves, and as 
the oven-chamber is by preference just the size to contain one truck, the oven-door is closed, and 
the baking proceeded with. Another truck is similarly disposed to receive the dough, and is 
carried forward into another cliamber of the oven, and so on. The bottoms of the trucks, which 
are simply sheets of metal laid on the truck-frames, are roughened or indented, as seen in the 
plan. Fig. 1287, so as to imprint the bottoms of the loaves ; they should also be dusted with flour 
to prevent the dough adhering. The rails Y are shifted for each oven-chamber, so as to rest on 
the door of each chamber, and conduct the truck to it. The truck having received its load of 
dough ceases to be propelled by the machine, but is pushed forward hj hand into the oven, which 
is closed, and another one prepared with the rails to receive the next m succession. 
Fig. 1292 represents a longitudinal section of an oven used with Watson's machinery. 



1292. 




W, W, are the oven-chambers, which have their mouths alternately in opposite directions. 
They are formed between two brick walls X, X, the spaces being divided off by iron plates 8, 4, 
5, to 11, the spaces between each pair of plates 3, 4, forming the flues to heat the oven-ohambera, 
while below the plate 11 the furnace V is disposed. In order to protect the lower oven from the 



686 



BEEAD MACHINE. 



1394. 




1?93L 



i 




m 



•-«. 



i'i'i"i I 1 1 li iv I I I I 1 I I rv I I 1 1 n 1 I I I 1 1 I i'^ 



B 



B 



N 



^ 




BREAD UAOHINE. 687 

immediate lieat of the fiiin»ce, pl&te 11 Is covered wlUi a thiclcDeH of briclcwork, or it may ba 
botb above and below, as Been at i, •, vith an air-Qae o through the middle, and of equal width 
with the flra, or nearly so. Air enters at the back end of o, which ia regulatol as reqaired bv a 
alnice-door to limit tbe aapplj to the fire through that channel : a constant clianife of air taking 
place in this diannel amiata in preventing the direct beat of the furnace overheating the lower 
oven-ohmuber. Z ij tbe fumace-door. The flue from tbe furnace passes up in two branchea, one 
OQ each side oi air-flue o, st the end of (he lower aven-chamber, thea alottg above it under the 
second chaml»r, thence passing up at tbe end, and back under the (bird oven-chaml>er, and so on. 
To prevent excessive beat at the end of the oven-chambers, flre-lumps. as seen at 12, 12, are used 
to protect tbem, tbe metal plates of (be oven being so made as to bold them in position. 13 is a 
water-tank, to be healed from the waste-bead for oakohouse purposes ; 11 is a slide-valve in the 
top of eacli oven-chamber, enclosed in a case except at the end that is not opposed to the draught 
of tbe flues. These valves are opened by tbumb-rods when it ia desired to allow steam to escape 
from the ovens; 15, 15, are hollow box ends of metal, closing the ends of the flues, bjr removing 
whioh the smoke-fluei may be eaaUy cleaned. These boxes being open from the outside aie con- 
veoient foe the insertion of thermometers, as seen at 16, to see and asoertALQ the heat of the ovena 
at all times. The escape of the flues to the chimney is at 17. 

Vicai't Mackiaery employed in the Jfnnu/ucfurcr of Bread and Bipwii.—Tig. 1293 reprwents a 
side elevation of a soft-dough mixing machine; Fig. 1291 a front elevation; and Fig. 1295 a 
ground plan. Fig. 1296 is a side elevation of a breaking machine, which ia employed for pre- 
paring the dongb for the moulding machine. Fie. 1297 is a sectional elevation through Fig. 129B, 
which represents a top plan view of tbe moulding machine; Fig. 1299 is an end elevation. 
Fig. 1300 is a front elevation of a machine employed for moulding or shaping the dough into 
loaves or biscuits; Fig. 1302 ia a ground plmi of tbe dough-shaping machine; Pig. 1301, a 
sectional elevation. Fig, 1303 ia an end elevation of Fig. 1302 at C. 

On Figs. 1293 to 1295, A, A, is a tank or reservoir c^wble of holding water; B, B, is a frame* 
work, to which are connected the following parts : — C, a hollow shaft working in bearings in tbe 
castings D, flxed to the fVaming B ; E it a shaft capable of sliding in the shaft C, and of rotating 
therewith near the lower part of the slian E ; a cross-head O is coimected and slides on guide- 
rods H. I is a skeleton framiD|; mounted loosely upon tbe shaft E, and connected thereto by a 
nnt at a. Fig. 1294 ; K, K, are spindles, the upper parts whereof work in iiearings in the framing I. 
The lower parts of these spindles are formed with prongs 6. c, d, e, are wheels gearing into each 
other, that marked t> is fixed on the shaft E, and those marked d and e are respectively fixed on 
the spindles K, K ; L, L, ia bevel-gearing for importing rotary motion to tbe shaft ; M, a 
oounterbalaoce weight connected 1^ a ehatn / to tbe lower end of the shaft E, to facilitate the 
raising of E ; N ia a vessel to omtaiD water to o^ with the flour ; 0, O, are vessels in which the 
doush is mixed. 

The operations of this machine are as follows : — The operator takes tbe i^rment or yeast 
commonly used, and instead of mixing it in a trough by band, as commonly practised, be plaoea 
the yeast or ferment and flour in one or other of the vessels O, and, placing same under the 
machine, lowera the prongs b thereinto, and proceeds to impart rotary motion thereto, tbe effect 
of which is to canae the wheels c to rotate the wheels d and r, and also tbe axes £, on which the 
prongs b are fixed, thus producing three distinct rotatory movements simultaneoualy, namely, one 
rotation of the framing i, which carries the wheels d, e, and the axes of the prangs t, and another 
rotation of each of the wheels end axes and prongs, thereby efftctuallv mixmg snd incorporating 
the ingredients together into a sponge ; and when this opeialion has "been eontinucd a sufficient 
length of time, according to the judgment of tbe operator, he removes the tub O from under the 
machine, and places it in another part of the vessel, and taking another tub ctierges it with yeast 
and flour as before, and proceeds in this manner with each tub in sucoeeaiou. When the sponge 
is sufficiently riaen or fermented, the tub is again brought under the machine, and tbe required 
flour and water added to the sponge, and made by the machine into dough. The dough is then 
left to jiroiw, and when sufBciently proved ia removed to the machine, Figs. 12QS to 1299, tliore to 
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be operated upon by the brake-rollers of 1299. 

this machine for the purpose of taking the 
proof out of the dough. As regards this 
machine, Figs. 1296 to 1299, it should be 
distinctly understood that its construction 
forms no part of the machine shown in 
Figs. 1293, 1294. Both machines are de- 
scribed in conjunction, for the purpose of 
completing the description of the machinery 
necessary to be used in manufacturing bread, 
biscuits, and like articles. When the dough 
has been sufficiently operated upon by the 
brake-rollers it is removed fVom this ma- 
chine to the shaping machine. Figs. 1300 
to 1303, and operated upon thereby in the 
manner presently described. 

We would hero romark, that the means 
above described which we propose to em- 
ploy, and have found to answer well in 
practice, for ensuring the proper amount of 
fermentation forms a very important fea- 
turo in this invention, for by the use of 
cold water in hot weather we are enabled 
to prevent excess of fermentation, and by employing warm water in cold weather we can induce 
fermentation, the temperature of the water being regulated according to circumstances and the 
judgment of the operator. 

We now proceed to describe the operations of the moulding or shaping machine. With respect 
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to the three rollera, marked A. B, C. Fikb. 1300 to 1303, that nuu'ked A U employed to form the 
upper cnut, and those marked B and C to form the lover cruat. the soft dough beinf; placed upon 
the table D, w aa to paw< with the two aforesaid crusts between the rollers B and F, bj which 
the whole U comprosaed aa t lie machine rotates, the endless travoUiiig belt or web G adraaciog tbe 
douffh under the moulding mocbaoUm at H, where it is momentarilj held still by tbe mechanLun 
unlil the knives I descend and ascend hj the action of the side mda K. The dongh thus scored 
or ihaped now passes onward bj the action of the belt Q, and when it comca under tbe atampt 
at L receives the impress therefrom of words, such as, for example, muchinf-naiie bread, thi* 
movement being simultaneous with the shaping movement with which it is connected; and in this 
manner the machine continues to mould and shape the dough into the form of loaves, which, as 
titej are advauced forward by tbe endless belt or web O, are deposited on to trays, the trays being 
placed upon another endless belt or web N, the operation and construction of this part of the 
machinery and implements employed being as follows : — First, as regards tbe trays : Hiey consist 
of flat pieces of wcx>d, about 3 ft. by <! ft,, with ledges at (be sides only theieof. Upon each of 
these trays is placed a piece of coarsely- woven cloth, and to each end thereof loops of tape, about 
6 in, asunder, are affixed, and so as to project beyond the enda of the cloth about 2 or 3 inches, 
the loops beiog used for a purpose which will be described in another place. See Ovms. These 
tDiys, each with their respective cloth, are separately placed on the part M of the endless belt or 
web N, M that as this belt advances and oomea under the part I of the belt or web O, the shaped 
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dongh will be deposited on each of such said cloths and trays in snooession, the operator dividing 
the dough when the tray is filled therewith ; and in this manner seyeral trays may be filled in 
Buocession. 

See Barn Machinery. Mills. Mixers. Oyens. Teast. 

BREAKING JOINT. Fr., Joint de recouvrement ; Ger., Ueberdeckungsfuge, Deckfuge. 

Breaking joints or break joint, is a term used in brickwork and masonry to express the arrange- 
ment by which tiie bricks or stones are made to overlap, the converse of whidi is termed "joint 
over joint." See Bond. 

BKEAKWATER. Fr., Bnse-kanes, Jet^e; Gee., WeUenbrecher ; Ital., Muraxzo, Soogliera; 
Span., Mwlle, Espolon. 

See Harbours. Piers. Sea-Walls. 

BREAST- WALL. Fr., Mur de soutenement ; Gee., SchUtemauer ; Ital., Muriccinoh, 

A hreast'vxdl is a wall built up breast-high, as a parapet-wall or a retaining foaU, placed at the 
foot only of a s lope. 

BREAST -WHEEL. Fr., Boue hydrauiique de c6t^; Gee., Kropf JRad, mitteUchlachtig^s 
Wasserrad; Ital., £uoto difianco. 

See Overshot Water-wheels. Undershot Water-wheels. 

BREASTWORK. Fr., Fronteau; Gee., SchoU, Schotting; Ital., ParapeHo; Sfah., Bepecho^ 
Parapeto, 

See Fortipioation. 

BREEIZE. Fr., Breeze ; Ger., Ldache ; Ital., Bragia, 

The term breeze is applied to ashes and cinders used instead of coal in the burning of bricks. 

BREEZE-OYI^. Fr., Four a Breeze; Ger., Cooks Of en; Ital., Fomace da far arao. 

See Ovens. 

BRESSUMMER. Fr., Sommier ; Ger., Uhterzrtg; Ital., Trave maestra ; Btas., Sotabanco. 

A bressummer is a beam placed breastwise to support a superincumbent wall; used principally 
over shop-windows to carry tne upper part of the front, and supported on posts or columns. 

BREWING APPARATUS. Fr., Machines de brasserie; Ger., Braugerathschaften; Ital., 
Macchine ad utensili da birraio. 

In making beer, the brewer first mashes the ground malt with water of a temperature of 176° to 
182° Fahr., when the diastase, or substance containing nitrogen, operates to convert the mass into 
dextrine and sugar. The greater part of the starch, which has not been changed during the ger- 
mination, and the wort, or new unfermented beer, is ready to be drawn off to be converted into 
beer. Brewers' grains, or the undissolved part of the malt, is employed to feed cows and pigs, as 
it contains much gluten. 

To find whether malt contains more diastase than is necessary to convert its starch into sugar, 
it is only necessary to add a little fusion of malt to the viscid solution of starch ; when this com- 
pound is maintained at a temperature of 150° Fahr. for a few hours, and the diastase is in excess, 
the mixture will become far more fluid, and will no longer be coloured blue by solution of iodine. 

Distillers take advantage of the excess of diastase in malt, by adding from two to four parts of 
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unmalted grain to the diastase, the whole of which becomes conyerted into dextrine and sugar, 
and thus the labour and expense of malting are avoided. The wort produced by infusing malt in 
water contains not only sugar, dextrine, and diastase, but a large quantity of nitrogenized matter 
formed with the gluten of the barley. Before subjecting the wort to fermentation, it is boiled 
with a Quantity of hops, usually amounting to from V^ to ^ part of the weight of the malt 
employea. Hops are found to prevent the tendency of the beer to become sour: the sourness of 
beer is produced when the alcohol of the beer is converted into acetic acid. Hops contain from 
9 to 10 per cent, of an aromatic yellow powder, termed Invuline, and is the active portion which 
contains a volatile oil of particular odour, together with a bitter substance. When the compound 
of wort and hops is run off into a vat, it is allowed to deposit the undissolved portion of the hops, 
then the clear liquor is drawn off into coolers, where the temperature of the compound is lowered 
as rapidly as possible to about from 58° to 61° Fahr. ; the cooling is usually expedited by cold 
water ciroulatmg through pipes which traverse the coolers. When the wort is cooled too slowly, 
the nitrogenized matter which it contains undergoes a change from the action of the air, in con- 
sequence of which beer becomes acid. After cooling the mixture, it is placed in the fermenting 
ton, where the fermenting is carried on by addmg yeast, which is about y^ part of the 
compound. 

It has been found, with the aid of the microscope, that yeast is a minute fungoid vegetable 
that grows in solutions containing sugar combined with particular nitrogeniz^ substances, 
such, for instance, as a salt of ammonia, and the salts — ^phosphates of potash, soda, lime, and 
magnesia. 

The conditions under which the yeast plant grows were not ascertained and scientifically 
examined until recently ; for a long time, after the growth of this substance was ascertained, the 
seeds or germs from wbich it originates eluded detection, although its growth resembles some of 
the lower mosses. 

The process of brewing may be divided into four distinct stages : — 1. The malting, of which the 
object is to produce in the barley the principle which effects the conversion of starch into dextrine 
and glucose, and which essentially consists in causing the barley to sprout under the influence of 
a proper temperature and degree of moisture, diastase being formed at the origin of the sprouts, 
and in the succeeding operation converting the starch into soluble dextrine and glucose. 2. The 
preparation of the wort (moCkt), or sacchariflcation of the malt, which consists in treating the 
ground malt with water at a suitable temperature, in order to cause the diastase to act on the 
starch and dissolve the dextrine and glucose which result from this action. 3. The boiling with 
hope, which consists in heating the wort with hops in order to g^ve it a peculiar taste and aroma. 
4. Fermentation, which consists in mixing the cooled wort with a ferment, in order to effect the 
conversion of glucose into alcohol. 

The barley is first placed in large vats of mason-work, with four times its volume of water, 
being stirred frequently to expel the bubbles of air between the grains, while those which arise on 
the surface, being generally defective, are skimmed off. The object of this process is chiefly to 
swell the grains, in order that they may sprout more easily ; and it lasts 24 or 86 hours in winter, 
during which time the water is renewed three times; while in summer it requires only 10 or 
12 hours, but the water must be renewed four or five times. 

The barley thus swollen is carried to the malt house, a- kind of cave or cellar, the floor of which 
must be kept scrupulously clean to avoid all ixnurious fermentations. Germination requires the 
assistance of moisture, air, and a temperature of from 59° to 62°, which conditions are most readily 
realized in spring or autumn ; whence the name of March beer is given to that made in the spring, 
and is considered superior to that made in any other season. In the malt house the barley is 
spread in a layer of about 1^ ft. in depth, and thus left until it becomes heated ; but when it 
begins to sprout, the thickness of the layer is reduced to 1 ft., and then to 3 in. when the genni- 
nation approaches the proper point. It is also frequently stirred, in order to renew the air in the 
interior of the layer. In the hot season, the germination is terminated in 10 or 12 days ; while it 
requires 15 or 20 days toward the dose of autumn, the sprout having then become two-thirds as 
long as the grain. 

When the barley has properly sprouted, it is dried rapidly, in order to arrest the loss of the 
amylaceous matter which would ensue from a longer growtn of the sprout and radicles. The dry- 
ing is firat made in the open air, by spreading the grain over the floor of a well-aired granary, and 
then in a stove traversed by a current of hot air, and called a malt kiln. 1>esiccation renders the 
radicles of the barley very brittle, but they are easily removed hj sifting them in a teinnowintj 
machine or fan. The sprouted barley, thus freed from the radicles, is exposed for some time to the 
air, when it imbibes a small quantity of moisture, which facilitates its grinding. This operation 
is effected between horizontal stones, kept at such a distance from each other that the grain is 
broken and torn without being reduced to flour. The product is malt, which is stowed away for 
future use. 

The sacchariflcation of the malt is effected in large wooden vats, having a double bottom 

f»ieic«d with holes, intended to support the barley and facilitate the introduction and escape of the 
iquid. In the space between the two bottoms are the discharging-tube and one which conveys hot 
water. When the malt is placed in the vat, water at 140°, and eijual in weight to one and a half 
times that of the malt, is poured in, the mixture being actively stirred with a kind of fork. It is 
then allowed to rest for half an hour, until the malt is thoroughly moistened, when water at 196° 
is added, until the temperature of the mixture attains 167°, which is the most favourable for sac- 
chariflcation ; after which it is again stirred, the vat covered, and the reaction allowed to continue 
for three hours. The saccharine fluid, or wort, is then conveyed into a reservoir, and thence into 
the boilers intended for the decoction of hops. 

As the first digestion with water only abstracts from the malt 0*6 of the saccharine matter it 
can furnish, an additional quantity of water at 176° is added, equal to one-half of that used in the 
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first operation, and is allowed to act for one hour, the liquid produced being added to the fint 
Lastly, the malt is exhausted by water at 212^, and a liquid obtained which is used in making 
small-beer. The exhausted malt (called, in this country, grains) is used as food for animals. 

The wort is heated to ebullition with hops in boilera, which must be kept covered to prevent 
the escape of the essential oil, to which beer owes its aroma, and are furnished with an apparatus 
which constantly stirs the mixture. The strength of the wort is sometimes increased by the addi- 
tion of glucose, molasses, or raw sugar. The wort, thus hopped, is conveyed into reservoirs, where 
it is clarified by rest, and then run off into other reservoirs, where it is cooled as rapidly as 
possible, by allowing the liquid layer only a thickness of 4 or 5 in. ; the cooling vats being placed 
in large rooms surrounded oy Venetian blinds, in order to afford a free circulation of air. The 
proportion of hops is about 1 kilogramme for every hectolitre of table-beer, and 2 kilogrammes for 
every hectolitre of strong beer. 

When the wort is cooled, it is poured into a fermentituj vat or tun, and a quantity of yeast 
added, varying, according to the season and strength of the wort, from 2 to 4 Kilogrammes for 
every 1000 litres, and maintained at a temperature of about 68°. The fermenting house should 
be well aired, in order to allow the carbonic acid to pass off rapidly. The fermentation lasts from 
24 to 48 hours, producing a large quantity of froth, which falls from the tun Into spouts arranged 
for the purpose, and which, when collected and expressed in bags, constitutes beer-yeast. 

The tuns are always kept full by adding the liquid separated from the froth. The fermenta- 
tion of table-beer is completed in small casks filled to the bung, and placed on a scaffolding over 
a spout which carries off the froth still arising from the liquor; and when the fermentation is 
finished the kegs are plugged, and the beer only requires a clarification with fish-glue. 

Strong beer is allowed to ferment slowly for several weeks after the fermentation in the tun^ in 
large vats, holding as much as 2600 gallons. 

See Attesiperatob. Barley-dressing Machike. Coolers. Dibttllino Afpabatub. Eleva- 
tors. Fermentation. Grain MeasuiLer. Hop Back. Kiln. Liquor Boiler. Malt-dressing 
Machine. Malt House. Malt Mill. Malt Screen. Mashing Mill. Mash Tun. Befrige- 
BATOR. Sparger. Stoves. Union Casks. Wort Copper. Yeast. 

BRICK-MAKING MACHINES. Fr., Machine de briqueterie; Ger., Ziegeipresse ; Ital., 
Macchina da far mattoni. 

The Brick-making, Pugging, and Crushing Machine of H. Clayton, Son, and Howlett, is shown 
in Fig. 1304. The clay to be made into bricks is thrown into the hopper A of the machine. In 
this hopper revolves a shaft on which are keyed several small knives, which cut up the clay 
previous to its being crushed. It next passes through the crushing-rollers B, B, which effectually 
reduce to powder any stones or hard lumps of clay that may enter the hopper A. 

The clay, thus partially prepared, next passes into the horizontal pug-cylinder C, where it is 
thoroughly mixed and incorporated by the pug-knives which are fixed upon the central shaft. 
These knives are so placed that they force the clay towards the farther end of the cylinder, where 
it is pushed by means of a rotary blade or piston, and taken by the small feeding-rollers D, D'. 
The mixture having been drawn by the small feeding-rollers D, D', into the chambers, which are 
placed before the dies E, E, situated one on each side of the machine, the brick material issues 
through the rotary orifice dies in a smooth and regular stream, the angles well formed and the 
surfaces clean. It is then out into bricks, of the required size, upon the cutting-tables F, F. 
This construction of machine is made of two sizes, and requires no masonry foundations, the whole 
being fixed upon cast-iron foundation-plates G. 

The larger machines are worked by a 16-h.p. engine, and each is capable of producing from 
20,000 to 30,000 bricks a day, varying according to the quality of clay used. 

The smaller machine is generally worked by a 1(^h.p. engine ; this machine is capable of 
producing from 15,000 to 20,000 bricks a day. 

In ordinary hand-made bricks, the main expense of the process of making, besides the burning, 
consists in the preparation of the clay, so as to render it sufficiently ductile to allow of its being 
forced into the moulds by hand-pressure ; this necessitates the mixing of water with it, and thus 
requires also the further process of drying the bricks before placing &em in the kiln. The ride 
of damage and the delay from weather also add materially to the expense of hand-made bricks. 
The application of machinery to the manufacture of bricks has for its objects economy, certainty, 
and expedition of production, and improvement in the quality and appearance of the bricks. It 
is still a question how far these objects have been attained ; and out of the large number of 
machines invented for brick-making, but few are at present in regular work ; omitting tUe and 
pipe-making machines. The machines now at work may be divided into two classes — those which 
operate upon the clay in a moist and plastic state, and those for which the material requires to be 
dried and ground previous to being moulded. In the former class, the plastic column of clay, 
having been formed in a continuous length by the operation of a screw, pugging-blades, or rollers, 
is divided into bricks by means of wires moved across, either whilst the clay is at rest, or whilst 
in motion by the wires being ipoved obliquely at an angle to compensate for the speed at which 
the clay travels. In conseauence of the clay having to be made sufficiently soft to allow of this 
wire-cutting, the bricks made are but little harder tbEin those made by hand, and require similar 
drying before being placed in the kiln ; and this drying, together with the expense of preparing 
the clay in the requisite manner, renders the expenses of manufacture similar to those involved in 
hand-made bricks. In the second class of machines, a superior finish of appearance is obtained 
in the bricks by their compression in a dry state in the mould ; and the objection of subsequent 
drying is avoided : but the additional preparation requisite in drying the clay and reducing it to 
a sufficiently fine and uniformly pulverized state, and the more expensive character of the 
machinery involved, add materially to the cost of manufacture. 

By means of the brick-making machine invented by a Mr. Gates, and described by John R 
Clift in a paper read before the Inst, of Mechanical Engineers, the difficulty of previous prepara- 
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tion of the clay required in the second class of machines is not incurred ; while at the same time 
the subsequent dirtng of the bricks required with the other machines is avoided. In this machine 
the clay is used of such a degree of dryness as to allow of its being mixed up and macerated and 
compressed into bricks by a single continuous action ; the clay being formed into a continuous 
column and compressed into the moulds by the action of a revolying vertical screw. The clay 
requires generally no previous preparation beyond that given by the ordinary crushing-rollers, 
and is sometimes ready to be put into the machine direct from the pit ; in other cases, where con- 
taining a mixture of stones, it is first passed throup^h a pair of crushing-rollers. 

The machine is shown in Figs. 1305 to 1311. Fig. 1305 is an end elevation of the machine ; 
Fig. 1306 is a front elevation, 
and Fig. 1307 a plan ; Fig. 1308 
is a vertical transverse section 
enlarged; Fig. 1309 a plan of 
the screw; and Fig. 1310 is a 
longitudinal section of the ma- 
chine. 

» The cast-iron clay cylinder A, 
Fig. 1308, is expanded at the 
upper part to form a hopper into 
which the clay is supplied, and 
the lower cylindrical portion is 
about the same in diameter as 
the length of the brick-mould F 
at the bottom of the pressing- 
chamber B. The vertical screw 
G is placed in the axis of the clay 
cylinder, and carried by two bear- 
ings in the upper frame D : this 
screw is parallel at the lower part, 
the blade nearly filling the paral- 
lel portion of the clay cylinder, 
and is tapered oonically at the 
upper part to nearly double the 
diameter. When the clay is 
throvm loosely into the hopper, 
it is divided and directed towards 
the centre bv the curved arm E 
revolving with the screw-shaft, 
and drawn down by the tapered 
portion of the screw into the 
partJlel part of the clay cylinder, 
m sufficient quantity to keep this 
part of the cylinder constantly 
charg|ed, any surplus clay easily 
escaping laterally into the loose 
clay in the hopper. The clay is 
then forced downwards by the 
parallel portion of the screw into 
the pressing-chamber B, and into 
the orick-mould F, which consists 
of a parallel block. This block 
is equal in thickness to a brick, 
and slides between fixed plates 
above and below ; these plates 
containing the two moulds F and 
G, Fig. 1310, corresponding in 
length and breadth to the bricks 
being made. 

The mould-block F, Fig. 1310, is made to slide with a reciprocating motion by means of the 
revolving cam H, which acts upon two rollers in the frame I connected to the mould-block by a 
rod sliding through fixed eyes ; and the two brick-moulds are thus placed alternately under the 
opening of the pressing-chamber B to receive a charge of clay ; the mould-block remaining sta- 
tionary in each position during one quarter of a revolution of the cam H. When the brick-mould 
F is withdrawn from under the press-chamber, the brick is discharged from the mould by the 
descent of the piston K, which is of the same dimensions as the brick-mould ; the piston is pressed 
down by the lever M worked by the cam N, when the brick-mould stops at the end of its stroke, 
and is drawn up again before the return motion of the mould begins. A second piston L acts 
in the same manner upon the second brick-mould G; and the discharged bricks are received 
upon endless bands O, Figs. 1305 to 1307, by which they are brought successively to the front 
of the machine, where they are removed to the barrows for conveying them to the kiln to be 
burned. 

The solid block thai divides the two brick-moulds F and G is slightly wider than the dis- 
charge-opening at the bottom of the pressing-chamber B, having an overlap, so that the makiiig 
of one brick is terminated before that of the next begins, in order to ensure completeness in the 
moulding. During the instant when this blank is passing the opening at the bottom of the pressing- 
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chamber, the diachuge of the clay u stopped, and it b 
of either relieving (he preMtire draing that period or Bti . , „ 
Tbe latter plao would be improcticable : ana in this machioe the former mode ia estkbli^ied by a 
very ingeniooB contrivance, forming in effect b safaty-yalve, which prevents the preomre in the 
chsmbei from increasing when the brick-monld is shut off, and also serves to maintain a nniform 
pressure during the foimation of the brick, bo u to eosute each mould being thoroughly and 
eqnall; filled with clay. This ia effected by an eecepe-pipe P, Fig. 1S08, which ii similar in fonu 
to the btiok-mould, but extends horizontally jg^ 

from the aide of the piesBing-cbatnber, and 
is open at the outer e»lremilj. The regu- 
lar action of the screw forces the clay into 
this escape-pipe as far as its outer extremity, 
forming a parallel bar of clay in the pipe: [ 
the resistance caused by the friction of this I 
bar in sliding through tbe pipe is then the 
measure of the amount of pressore in the 
machine ; and this pressure cannot be ex- 
ceeded in the machine, for the instant that 
the brick-mould is full the furtbor supply 
of clay fed into the pressing-chamber by 
the continuous motion of the screw escapes 
laterally by pushing outwards tbe column 
of clay iu tbe escape-pipe. Tbe uniform 
pressure of every brick in the mould up to 
this fixed limit is ensured by the escape- 
pipe not beginning to act until that limit 
of pressure ia reached. Its action is similar 
to that of a safety-valve; and the amount 
of presaure under which the bricks are made 
is directly regulated by adjusting the length 
of the escape-pipe. 

The iuipoitant result of this arrange- 
ment ia that it prevents any risk of ovcr- 
straiuing tlic machine; and the action of 
tlie screw bns a special advantage in filling 
the brick-mould with a contiuuous uniform 
stream of clay, which ia being constantly 
supplied at a uniform mo<lerate pressure, so 
as to ensure the mould being thoroughly 
filled with a amform density of clay through- 
out, without requiring any sudden eicessiire 
pressure that would cause the brick to be 
more dense on the outside than in the centre. 
The pressing-chamber is made larger in 
transverse area tlian tbe supplying screw . 

3 Under, in order to increase the uniformity J 
pressnro on the clay in the chamber ; and \ 
the regularity of action is shown by the 
worklngof tlieeseB[ic-pipe, which discharges 
a continuous bnr of solid clay, nilvtmcing by 
intermittent steps of } to i in, of length 
each tiiuo that the brick-mould is shut off 
and chnuged. The projecting pieci of clay 
ttom tbe end of the escape-pipe is broken off 
tnrn time to time and thrown back into the | 
ir of the machine. 

upper side of tbe solid block separating the two moulds F and G is faced with ateel, 
■u nuunn in Figs. 13DS, 1310, and tlie upper face of the brick is smoothed by being sheared off by 
the edge of the opening in the prcssiag-cbamber ; the under face of the brick is smoothed by being 
planed by a ateel bar R, Fig. I3I0, fixed along the edge of the nnder-plate, having a groove in it 
for discharging the shaving of clay taken off the brick. 

The screw-shaft is driven by bevel-gear from the shaft 8, Fig. 1305, which is driven by a strap 
from the engine, the speed being adjusted according to the quality of the clay or the wear o[ the 
screw. The screw is driven at about thirty revolutions a minute, delivering the bricks at the rale 
of about 30 a minute when at full speed, or one brick for each revolution of the screw. The 
machine completes regularly in ordinary work 12,000 bricks a day, or an average of 20 good brii±s 
a minute. The amount ot power required for driving the machine and the wear of the screw vary 
according to the material worked. At the Oldbury Brick Works, where two of the maohinea have 
been working regnlarly for three years, the clay is a calcareous marl, and the power required for 
each machine is about 12 horse-power; the rate of manufacture is 20 bricks a minute. 

The wear of the screw varies considerably, according to the material of which it is made and 
the quality of the clay worked in the machine. In a machine used by Peto and Betts at Cobtuum, 
cast-iron screws have been worn out in a short time with very siliceooa material ; but in two 
machines working at Groeport for two yean, the screws were renewed only once in that time, 
although aa many a« three million bricka were nude by the machinsa. In another maohine 
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irorking for two years at the Blaenavon Iron Works, the screw and mould-block were made of 
gun-metal, and were found considerably more durable. 

With regard to the burning of the bricks made by these machines, no difficulty has been 
found from the bricks not having been dried before stacking in the kiln : and a very small pro- 
portion .of waste is made in the Duming. Where the clay contains much alumina and retains 
more moisture in consequence, it is found advisable to stack the bricks in the kiln in lifts^ as thev 
are termed, of from fifteen to twentv courses each : as soon as the bottom lift has been stackea, 
small fires are lighted to drive off the steam from the bricks, which might otiierwise soften those 
stacked above ; ue middle lift is then stacked and similarly dried, and then the top Uft^ after 
which the foU fires are lighted. In other cases the whole kiln is stacked at once, and no difficulty 
haa been experienced &om the lower bricks not being able to bear the weight of the upper bricks. 
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Sections, elevations, and 
details of PUitt and Go.'s 
dry-<day brick-making ma- 
chme are shown, Figs. 1312 
to 1319. We take a descrip- 
tion of this machine from a 
paper read before the Inst, 
of If echanical Engineers, by 
B. Fothergill. The clay is 
taken from the bank in tram- 
way trucks to a large shed 
or covered storehouse, which 
keeps tiie machines from 
injury while being worked 
in bad weather, when the 
clay cannot be got suffi- 
cientljr dry. Under the shed 
floor IS an arrangement of 
flues that can be heated to 
dry the clay as it is taken 
from the bank. From this 
shed the dry clay is taken 
by an elevator A, Figs. 1312, 
1313, and shot into a hopper 
at the upper end of a revolv- 
ing pulverising machine B, 
consisting of a screen fixed 
at a slight inclination from 
a horinmtal position, and so 
constructed and arranged 
that the day is pounded 
and forced through it by cnuhers, while stones and other hard substances are ejected at its 
lower end. 
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The pulveriter is shown enUrKed in Figs. 1314, 1315. The fixed shaft C is set Kt » tlight 
inclinBtioQ from tbe horizontal, and the endii DD of the Bcieeu rerolie upon it; to fhese euda 
are bolted the longitudinal bara E E ronnd the oiicumference, fonniDg tbe acreen. These bars ue 
of a wedge-shaped section, so aa to give a wider opening between them on the onter than on the 
inner side, to allow the pulverized clay a free escape. There are also attached to the ihttt 
within the ends or the tcreen two be&rera F F connected by two longitudinal bolts, which carry 
a series of eagt-iron cmshere or pulyerizers G G, weigbing about | cwl. each : one bolt forms k 
fixed axis at tbe extremity of the pulrerizera : and the other bolt acts as a support for them, in 
cuch B manner aa to allow a slight space between their extremities and the inner side of the 
Bcrern-bars £, to prevent actual contact when the machine may be working without clay. The 
screen is made to revolve at about twentj-five revolutions a minute by a pinion driving the wheel 
H fixed upon the upper end. Tbe clay is fed in by the hopper I at tbe upper end, and by the 
rotary movement of the screen is carried forward and nnder tbe pulverizera G, which breeJc op 
tbe lumps end press the clay out through tbe Bpnoes between the baisE; but owing to the "■»""" 
in which the pulverizers are ar- 
ranged and supported, they yield 
and rise when stones or other 
bard substances are passing under 
them, preventing any damage to 
the machine ; and in omseqnence 
of the inclination at which the 
kcreen is set, the atonee are gra- 
dually traversed through its entire 
lengtii, and ultimately rejected at 
the lower end which is left open 
for the purpose. 

The clay is then conveyed from 
under tbe pulverizer by an ele- 
vator K, Figs. 1312, ISIS, into a 
revolving conical screen or sifter 
L, shown enlarged in Figs. 1316, 
1317: from which it falls inio 

tbe hopper of tbe brick-presi M, 

Figa. 1S12, 1313, in a state of 

flue powder: any particles not 

paasing through tne meshes of the 

sifter L are rejected at its larger ^ 

I'nJ and conveyed by a spout to a puir of small crush ing-roll ere N, and thence back by the spout 

O to the foot of the first elevator A, where they are mixed with the crude day, and go through 

the same process again. 




Tbe bnck-press is shown enlarged in Figs. 1318, 1319; Fig. 1318 is a front elevation, and 
Fig. 1319 a transverse section. The side cheeks A A are fixed on the foundntion-plale and support 
the principal parts of the press. B is the frame or bed where the moulds are arranged and in 
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which the bricks are formed. G is the sliding monld-charger, to take the clay firom the hopper D 
to the brick-moulds ; an adjustable striker £ is fixed upon the front of the nopper to gauge the 
charge of clay when being conveyed to the moulds by the forward motion of the lever F, which 
is actuated by the cam G, shown dotted in Fig. 1319, fixed upon the bottom cam-shaft H. The 
lower ram I rests upon and is actuated by the cam-shaft H, and is formed with four pistons K 
upon the upper surface : each of the pistons fits into a separate brick-mould. The top cam-shaft 
L gives motion to the upper ram M, which is aLao formed with four pistons N upon the lower 
surface, exactly corresponding with the four lower pistons K and fitting into the same brick- 
moulds. The two cam-shafts are driven at the samd speed by the spur-wheels O which are driven 
by the pinion P. 

The cams R S lift the upper ram M, and are so arranged as to produce two suooenive 
elevations and allow two falls of the ram and pistons in the formation of each series of four bricks 
made at each revolution of the machine. The first blow of the pistons, after being raised by the 
first cam R, drives the clay out of the four apertures in the mould-charger G, which have been 
brought directly over the four brick-moulds by the motion of the lever F ; and compresses the 
clay into the moulds, thereby expelling the air from it : a very heavy blow is given by the pistons 
upon the clay, the total weight 
of the falling parts being nearly 
1 ton. The pistons are then 
raised by the second cam S to a 
suitable height to allow the 
mould-charger G to move back 
to its former position underneath 
the hopper D, for the purpose of 
being filled with another charge 
of clay. A second blow of the 
pistons then takes place, tho- 
roughly condensing the clay in 
the moulds ; and the final pres- 
sure to finish the bricks is then 
given on the top side by the 
pressing cams T acting upon 
the friction-rollers U which are 
fixed on the upper ram M : this 
downward pressure is met by a 
simultaneous upward movement 
of thQ lower pistons K, given by 
the eccentric form of the bottom 
cam-shaft H. The shaft H is 
also formed so as to raise the 
bricks up to the top surface of 
the mould-bed B after the pres- 
sure is completed, whence they 
are removed to the table V by 
the forward movement of the 
mould-charger G, when deliver- 
ing the charge of clay for the 
next set of bricks. An india- 
rubber buffer-spring X is placed 
in the upper ram M, to receive 
the concussion of the fall of the 
ram upon the cams R S, in case 
the machine should from any 
cause run without clay. By 
this arrangement of applying 
the pressure both below and 
above simultaneously, the bricks 
are kept in continued motion, 
sliding through the moulds whilst the severe pressure of the cams is taking place ; which gives a 
fine polished surface to the sides of the bricks, and ensures the angles being all filled up completely 
square. 

The faces of the moulds are formed of wrought-iron plates casehardened and secured by pins, 
so that they can be easily removed and replaced, when necessary. 

The whole process is thus self-acting, from the crude clay being fed into the pulverizer out of 
the drying-shed, to the bricks being finished by the press ready for the damp or kiln ; and no 
waste of material takes place, other than the rejection of the stones by the pulverizer in the first 
process; and no process of drying the bricks oeing requisite, they are taken direct from the 
machine and stacked in the kiln ready for burning, thus avoiding all risk of damage from handling 
whilst in an unbaked state. The clay may be mixed with breeze or ashes, or chalk for white 
bricks, or other such substances, the machines working any sort of clay or mixture equally well ; 
the press by its extreme pressure forms a perfect brick in an unbumed state, and an uncommon 
hardness and closeness is obtained. 

By this process of manufacture, within a quarter of an hour, clay may be taken from the shed 
in its crude state, and the bricks delivered by the press, taken by a tramway, and landed in the 
kiln ready to be burned in the usual way. Buildings have been erected with these bricks ; and 
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it is fbimd thkt with e*re In setting the brioki the inside anr&oe U u perfeet m the oubnde, 
and a flniehed without wiy oc«s«ion for plaateT. For bricks ao perfectly formed it might bo 
expected that great care wonld 

be required in manipulation, *^'- 

»nd the production miut neces- 
sbjUj lie Blow, The reverae is 
however the ease, and the fol- 
lowing ia the result of actual 
working. The machinery pre- 

Eares the clay and completes the 
ricks at the rate of 30 bricks a 
minute, or 1800 an hour ; incme 
day of 10 lioure' work 18,000 are 
produced, giving a total piodnc- 
tion of 5,400,000 a year of 800 
working days. Thus with a 
very moderate amount of atten- 
tion paid to burning, which is 
rendered easy by the great flrm- 

■ of the' bricks, 6,000,000 of 

feet bricks may be bnmed 
Wn one machine in a year. 

Fig. 1S20 is of a brick ma- 
chine, which reqnitea from 6 to 8 
hatse-power to produce 12,000 
to 1 8,000 bricks a day, Bcooiding 
to the oatiire of the clay ope- 
rated npon. This small machine 
<^ Glaylon and Hewlett crushes 
the clay, pngs the material, and 
moulds the bricks; it is a very 
omnplete machine. 

The rough day A. is taken 
from the heap in barrows and 
wheeled up an incline, or it is 
drawn up the incline by suit- 
able gearing by the power of 
the machine, and then shovelled 
into the feeding-hopper B, in 
which revolves a shaft which 
has several small knives fixed 
npon it ; the duty of these 
kiuTea is to ont up the large 
lump* of clay, and at the Mms 
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The enuhinj^-rollen next grip the clay, and cmsh til haid Inmpe and large BtouM, uid foree 
ibe thus pftrtinllf-Drepared material to the pug-cylinder C, in vbioH revolves » sttong shaft fitted 
with a Buniber of knives, set in anch a manner eo as to form eectioiu of k tcreiv, irliich by their 
rotary action thorougbly /1H7 or mix the clay, and at the iame time force the homogeaeoiis mus 
towards the end D of tlie cylinder, where it paoBoa throogh the die or moulding orUloe on to the 
cutting-ofT tables. 

David Murtha's brick mKhiae, Fig. 1321, has a wrie» of rotating ciroular disks 1, arnuiged to 




Bi to operate npon the clay, which, after being farced from the narrow opening 6 of the claT reeep- 
taele, u cut into stripa of the proper width of the length of the brisk. In front of the disks I is a 
tTansverse series of similar disks J, for the purpose of oatting the Btripa of clay into the proper 
widths. The feeding-table E'E« is made in sections, so as to admit of being passed successively 



Pwjgitu). — The pug-mill is one of the most useful and essential implemeots in briok and tile 
manufsicture. The otgect of pugging the clay is to bring it into a complete homogeneous state of 
omsiBtenoj. In the elay aa dug, with rare exceptions, the strata are varioaa. ^ some portions 
the mkctiKHU, in others the SMiay, silicecms, or other qnalitiei 



IT qnalitiea prevail. In isder to work briok- 
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day properly and effectirely, it is mdiapeneftbly neoeamry to incorpoAite ita varioas oompoaent 
parts, and to moke 11 of ooe uniform character. The pug-mill in therefore the most valuable and 
itnpoTtant precursor of the sabBeqneut piocesBeB of bri^ a^ irell as of tUt mmttfacture, inannnch 
OS the equal consistency and integrity of the rair material can alone ensure the uniform strength 
and good quality of the oompieted brick or tile. H. Clayton and Co.'s improTed AicbimediaD 
knife pug-mill, Fig, 1323, produces these dosirable results. 

la Fig. 1323, A is a cast-iron crlinder into which the day required to be pugged is tluown. 
Upon the central shaft B are fixed wioaght-Lma steel-tipped kiUTea C, C, C, C (so placed as to 
form a section of a screw), which cut np and mix the day, and at the same time force it dowD- 
wards to the outlet D at the bottom of the cylinder, which can be adjusted with a sluice-door and 
lever Cor letting the day out at certain times. 

There is a door E, fostened with a etrong wrought-iron bar, la the middle of the mill, for con- 
veuienoe, when it is necessary to inspect and clean the knives from roots and other foreign mate- 
rials that may adhere to them. 

The bottom end of the pug-ahaFt B works in a steeled bushed step F. 

Clayton, Son, and Howlett^s Brick-cutlinq and Self-deUnery TiMe, Fig. 1321.— When a atream of 
clay of aufficient length to cut the deeired Dnmber of brieln has been expressed from the die or 



moulding oriflce of the machine on to the receiving-rollen 
caused to pass through the stream of day to sever or divide it. The desired length Si moulded 
claj being now cut off from the mass, it is divwn forward by hand over the receiving-rollers on 
to the cutting or plate table c, in front of the cutting-wlree d, d, d, no that the expression of the 
main stream of clay from the moulding machine may continue without interruption, whilst the 
severed portion intended to be cut up remains stationary. 

This portion of the moulded clay is now ready to be out up into bricks, which is done by 
csasing the wires to pass throagb it by meeos of operating the handle e, which simultaneously 
treiiBmits motion to the pinions //, the racks g g, and the whole rack-frame A k, carrying with them 
the series of wires d,d,il, and also the plate-table c and platen or board t, causing the plate-table c 
to paaa from under the clay through which the wiros are passing, and to be replaced by the 
portable platen or board i. The handle e is now to be moved in the opposite direction, by which 
the whole movable parts described are returned to their original position, taking with them the 
clay now in form of cut bricks on the platen or board ■ : this platen or board i is then removed 
with the brioks upon it. Another board being substituted, the machine is now in positiou to repeat 
the operation. 

One of the great advantages of this table over those previously in use consists in the perfect ease 
with which a large number of bricks can be cut and safely removed from the machine in a given 
time. This is effected, not by increasing the quantity of material coming from the moulding 
machine, but by the greatly-increased facility for the required operations, and by lessening the 
number of the waste pieces of moulded clay. It also wholly supersedes the risk and labour in 
the removal of the bricks from the machine. In other machines of the kind the cut bricks have 
to be removed from the table separately to place tbem on the barrow, rendering this portion of the 
operation subject to loss or damage of the bricks by negligence of the workmen. 

In this table these practical objections ace avoided, as by its arrangement a positive number 
of (ten or twelve) bricks is cut and delivered, by one simultaneous operation, each time of cutting 
on to a receiving palotte or board ready to be pmced upon the brick barrow without the cut hrioka 
having been handled in any way. 

This table ahto possesses the advantage of being available for any variation of length of brick 
and for any requirod angle of cut, or for arch bricks, simply by removing the two strain-bars 
between which the wires are stretched, and by replacing them with other bars of the desired 
gauge, thus superseding the necessity of the outlay hitherto necessary for a series of separate 
cntttng-tables. The action of this table is such, that irhi]«t the wires ate passing through the 
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clay, it U held true and Srml; agBinst a Emoath metallic resiatanca-plata ; thus the flnith of the 
cut ie clean aad the ends of the bricks are square, and not left ng^fii or torn. 

Hand-pwur Brick-presting Machitu, Fig. 1325, — This little raaohine of Mosara. ClaytoD and Hew- 
lett is the moat perfect of the kind tlukt hu fallen under our notice. A is the moold box or chamber, 
ID vhich a piston ia moved 
upanddownbymeansotpar- **" 

tial revolution of a cam on D 

the oam-ihaft B, actuated b; 
the hand-leTer C ; this cam- 
shaft is connected with the i 
top-cover D by the aide arms 
X^ and moves up and down 
with it, but vfbea preaeing ia 

centre without moTiaj; the 

cover or aide arms. F ia a 

weight attached to the oam- 

shaft, and vibrates with the 

hand-lever C, which being 

sharply thromi over, adds 

conaidenibly to the pressure 

by its own momentum. G is 

a friction-roller on which the 

curved end of the hand-lever 

works when delivering the 

bricks, and b; pidling the 

hand-lever over in the po«I- • 

tion ahown in the engraving, 

the whole of the cam-shaft, 

with the aide arms and cover, 

are bodily raised, and the 

piston is brought np flush 

with the top edge of the 

mould-box. The rough brick 

H to be pressed is now placed 

upon the piston, and the lever is brought over to the right stop I. The onrved end K tnvels 

upon the friction-rollers, and the whole cam-shaft, side arms, top-cover, and the piston with the 

brick, are lowered until (be lever arrives at a perpendicular position, b^ which time the cover has 

been brought into its proper position on the top of the box by the guides ; the cam-shaft is now 

entirely supported by the side arms and cover, and simply reciprocates upon its own centre, wliich 

motion causes the cam to raise the piston and compresses the brick. The lever is now thrown 

sharply back to the opposite side, which action causes the curved end of the lever to ride upon 

the roUer, and bodily raises the cam-shaft, the top-eovei, and the piston, and delivers the brick 

ready to be taken away. 

One of the great features in this press is the patent self-lubricating piston, whereby a great 
saving of time is effected, and the great dedderatum of preventing the adhesion of the brick to the 
mould has been obtained. 

Thi procea of \eatkiitg is resorted to for the effectual separation of limestones and other sub- 
stances from ecuihs into which they, injuriously to the manubctnre of clay wares, intmde ; or for 
those classes of bricks, such as London stoclu, with which for a special object chalk is largely 
mingled with the clay. For such object Roller and Harrow Wash-Mills are much used, and they 
are applicable aeparately as chalk-mills. These milla are also used ia cases where a special 
mBEmfMtare renders the washing of the clay, or of the whole of the raw material, neoessary. 
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avpported at the top, botbun, and centre by the steps V, W, W ; to thia shaft li fixed ft 6-«»t 
beam-Bocket Y, into which are ftted and secured six harioii beams, too of irhich are sbomi at 
£, E, Fig. 13S6, radiating; horn Y. Upon these beams E, B, are fastened hanows F, F, by means 
of chain slings g, q, which when the mill is at work permit of the barrows making a lig-ng 
motion. The chalk race D is fiiniUhed with three spik^-roUeis, one of which is shown, in 
Fig. 1326, at H. Besides the harrows we have mentioned, there an two others attaohed to their 
respective beams E in the chalk race D. 

The ends of the harrow beams E are sapported hy ti»-bolts E, K, K, E, which are secured to 
a lug-ring b at the top of the centre shaft A. The tie-bolts are carried through the lugs on the 
beam-caps p, and can be tightened up when required by the nuts at p. Scrapers T T are fixed at 
tliB ends of the beams to keep the sides of the races clean. Uotion is given to the central shaft 
through a bovel-pinion It on the lay shaft B and bevel-wheel O kayed on the centra] shaft A. 
This bevel-wheel O works on antifriction rollers P, P, fitted beneath it. Chalk is thrown into the 
hopper B (secured on to and revolving with tbe beams E), and pvsses into the chalk race D, where 
water is introduced. The material beoomes quickly liquefied, and passes throagh the apertures 
Z Z into the clay laoe C, wherein is thrown the clay, d^., required to be washed, which is here 
worked by the harrows, reduced to a thick liquid state, and amalgamated with the chalk water. 
The limestones precipitate, and the liquid mixture is let oft throngh the sluice L and outlet H 
to tbe " back," or reservoir, where it remains untU of suitable consistency for being moulded. 

Cnuhiaj. — In Fig. 1327 A is the receiving-hopper of Clayton's Clay-crushing Mill, into which 



the earth requiring to be crushed is thrown. B, B'. are cast-iron chilled rollers, bored and keyed 
upon wrought-iron shafts, which work in gun-metal bearings. The rollers B, B', may be set nearer 
or closer, as desired, by means of the set screws C, C, so tliat the stones and lamps of hard clay 
may be crushed as well as the finer materiaJ. The machine is fixed upon a strong timber ftaming ; 
round the receiving-hopper A a platform is usually erected for the convenience of wheeling ue 
clay to the mill. 

Vfriioal Pagginij and Mouidlnij Machine. — The machine of which Fig. 1328 is a side elevation 
and Fig. 1329 a plan, is sometimes termed a tin>-pn,cesa brick-muking machine. This machine of 
Clayton and Co. is very substantial and complete; C is a cast-iron vertical cvlinder fitted at top 
with a sheet-iron hood or guard H (for convenience in feeding), mounted and bolted flrmlv npon a 
strong cast-iron framework F F and foundation-plate P. B S are two side frames, also bolted to 
framework F F and to foundation -plate F', whose dutv is to carry the expressing or mould- 
feeding rollers It B. The vertical cylinder C is furnished with a strong, square, wrought-iron png- 
shaft n', turned at ends, end into which are fitted and eecored single wrought pufFging-knivea 
or blades B BBB, bo disposed as to form sections of a screw, and at bottom of the cylinder one 
double delving-blade or sweeper D, forged in form of g. Motion is given to this pug-shaTt B' by 
means of bevel-wheel W, keyed upon the vertical shaft, and pinion W fitted upon the pulley- 
shaft A underneath the cylinder-plate F. The vertical shaft S' runs in a step T bolted to the 
foundation-plate F', and is supported by a collar B' in the cylinder-plate F, and also by a bridge- 
bar B* fitted at the top of cylinder, thus rendering the whole substantially rigid. A sluice- 
valve V is adjusted at the bottom and outside of the cylinder C, onpinte to the eipressing- 
rollers R B, fitted with regulating-screw and wheel B*. Two wrought-iron carriage-bars C C are 
bolted to cylinder-frame F F and roller-frame 8 8, into which are fixed small rollers R' R', 
making a tamework bridge for tbe passege of the pugged earth from the sluice-valve V to the 
rollers B R. 

P P are segmental packing-pieces of wrouglit iron inserted in suitable reeeswa inside the 
roller side fiamee S S fitted with set screws, so that they may be pressed against the ends of the 
rollers RB, to prevent the passage of the clav between the rollers and the side fremes, and 
compensate for the wear of these p^ts. Tbe rollers R R receive motion by suitable strong iput^ 
wheel gearing fiom the horizontal puUey-ahaft A and pinion P', through the intermediate slian 
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A' and wheel E to lower feeding^roller 
shaft A' and wheel £', the top roller 
being geared on the oppodte side by a 
pair of spur-wheels G G. 

NN are steel scrapers with regu- 
lating-screws fitted upon the delivery 
mouth-piece of the machine, for cleaning 
the rollers as they revolve. 

In front of the delivery mouth-piece 
is attached the rotary die or mould, of 
which H M are the rollers, which are 
covered with cloth or fustian. These 
side moulding-rollers are driven by 
small bevel-wheels and horizontal shaft 
N on the top side of the die, receiving 
motion from the lower roller-shaft A> 
by pulleys and belt. A water-tank T^ 
is attached over, fitted with pipes and 
regulating-cocks, for keeping moist the 
cloth-&ced rollers M M, to prevent the 
clay adhering thereto as tiiey rotate. 
In front of the rotating die or moulding 
orifice is shown the sel^delivery cutting- 
table, of which a description has already 
been rendered. 

The brick-making machinerjr, in- 
vented by Henry Large, which is em- 
ployed to make hard bricks, and espe- 
cially those which do not recjuire burning, 
is illustrated by mechamcal drawing, 
Figs. 1330 to 1337. 

The material of which the bricks 
are to be made when properly mixed 
are placed in a mould, which is then 
brought under a plunger worked by a 
crank-pin, eccentric, or other equivalent 
mechanical device, whereby the mate- 
rials in the mould will become con- 
solidated and compressed into the form 
of a brick. The mould with the com- 
pressed brick therein is then carried 
forward to a second plunger, the rod of 
which is connected by a rocking lever 
to the rod of the first plunger, so that 
immediately after a brick hi^ been com- 
pressed the brick that has just been 
passed forward will be by the descent of 
the second piston forced out of the mould 
on to a receiving-table attached to the 
end of a weighted lever, from which the 
finished brick is removed by hand, and 
then the table is carried up by a weighted 
lever into its original position, rec^y to 
receive another brick. 
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Fig. 1330 IB a side elevation, and Fig. 1331 a 
front elevation, of one of Large's brick machines, 
which may also be employ^ for moulding or 
compressing peat or small coal into bricks of arti- 
ficial fuel. 

A plunger a is employed, to which a vertical 
reciprocating motion up and down in suitable 
guides is communicated by an axis 6 driven in 
any convenient manner by steam, horse, or manual 
power, and carrying a crank-pin &*, which is re- 
ceived into a horizontal slot in the stem of the 
plunger a ; beneath which is a table c to support 
the moulds d, which moulds are shown detached 
in side view at Fig. 1332, end view at Fig. 1333, 
and plan view at Fig. 1834, and are rectangular 
frames open at the top and bottom, and per- 
forated on both sides and both ends. The mould 
is placed on the table, and into it there is first 
inserted an iron naUet or bed, shown detached in 
Fig. 1335 ; this bed is perforated, and having a 
projection upon it to form an indent in the brick 
to hold the mortar. The brick-making composi- 
tion or material, or peat, turf, or small ooaU, or 
other substance to be operated upon, is then 
filled into the mould in suitable quantity, and 
over it is inserted another pallet also perforated, 
and having a projection upon it to form an in- 
dent on the other side of the brick. Or plain iron 
pallets can be used, which would be the case for 
compressing peat, turf, or small ooal. Then the 
iron plate e, shown detached Fig. 1336, which 
gives the required thickness to the brick, is put 
on the top pallet. The mould thus charged is 
pushed along the table 6 and brought under the 
plunger a, and the plunger coming down on the 
top of the iron plate e powerfully compresses 
the contents of the mould and forms the 
material into a brick, or any other form 
desired. The plunger immediately rises, 
and the first mould is pushed on, and the 
plate e is taken out, whilst another similarly 
charged mould is brought into position to 
receive the pressure at the next descent of 
the plunger. Each mould after passing the 
moulding plunger is pushed outwards until 
it comes over an opening in the table, as at 
c*, slightly larger than the inside of the 
mould. WhOe the mould is resting on the 

table c it receives a 
second plunger at the 
lower end of the rod /, 
whereby the brick or 
substance in the mould 
is forced out of it on to a 
palm <7, which is held up 
against it by a counter- 
balance weighted lever 
h acting against the 
lower end of the vertical 
rodi. The second plun- 
ger has a reciprocating 
□ vertical motion given to 
it by means of a link, 
whereby it is connected 
to a rocking lever /, the 
opposite end of which is 
similarly connected to 
the rod of the first plun- 
ger a. The finished 
brick or substance in 
the mould, together 
with the bottom and 
top pallets, remain on 
the palm A, their weight 
being sufficient to keep 
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the palm down. As each briok or substance is removed the palm h again ascends to receive the 
next brick, and the empty mould is conveyed away to be refilled. On the same principle that one 
brick or substance is compressed in the manner described, two or more can be made at one stroke 
by using several plungers, and also can be driven out of the moulds by a second set of plungers. 

Figs. 1337, 1^38, show another arrangement of Large's machine. The bricks made bv thiii 
machine are not burnt, but merely mixed, in proportions of sand and cement, and pressed into 
moulds of the required size ; they are then laid on the ground or on shelves for forty-eight hours, 
to harden, after which they are stacked in the open air, exposed to the weather, and in fourteen 
days are ready for use. These bricks increase in hardness for twelve months, after which they 
resist the action of frost, and do not absorb moisture. The first patent for making concrete bricks 
was that of Hustwayte and Gibson, in 1853. In 1856 L. D. Owen introduced a plan of maldng 
concrete bricks which has been worked most successfully in South Wales. In the town of Newport 
many of the houses are built of these bricks, and one firm in the town manufactuies 50,000 a week. 

Thomas Don« the eminent machinist, gives the fdlowing as the result of some experiments by 
hydrauUc pressure :— ^ Sbowrt irt flaw. Crashed at. 

Turn. ToiuL 

1. A stock brick, as ordinarily made, cracked at 

2. A compressed concrete brick, composed of 1 part cement and^ 

6 parts coarse sand, 14 days maae / 

8. Hand-made concrete brick. 1 part cement, 6 parts burnt balla8t\ - 

and hoggin mixed, made 7 weeks / 

4. A malm paviour, very well made and burnt 5 



If 

10 



8 
17A 



2 c 
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Mouldifuf of Brick$,—The mouldy Fig. 1339, for forming the bricks is ^i^ to ^ larger than the size 
of the brick to be made, as the clay shrinks in burning. 

Brick-moulds may be made of any hard wood, which should be thoroughly seasoned, and the 
edges, which wear very fast, should be protected by a thin strip 
of iron. Moulds shoidd be frequently gauged, especially when 
the brick-makers find their own moulds, or the bricks made will 
vary very much in thickness. Brick-moulds are now made 
lined with brass, which shows the importance attached to the 
correct moulding of bricks. 

Two methods of moulding are employed, namely, slop and sand 
moulding. In the former the mould is dipped in water every time 
it is used : in the latter it is sprinkled with fine sand, or with ashes 
from an old brick kiln. In either case the brick-earth should 
not be used too wet; and it should be pressed carefully and 
thoroughly, so as to fill the moulds. The superfluous earth is then 

removS by a strike, which is a straight-edge of wood or metal passed along the top of the mould, 
and pressed well down on its edges. Steel strikes are best, as wooden ones are out by the edge of 
the brick-mould, and then scrape away too much of the surface of the brick, thereby rendering its 
thickness irregular. 

Bricks made by hand are moulded on boards or benches ; in India, mostly on the ground, which 
should be made as smooth and even as possible. At Roorkee, smooth plastered terraces have been 
used, the surface sprinkled with fine sand or ashes. The bricks are moulded side by side till the 
terrace is covered ; they are then left on it till dry enough to be turned on edge without loss of 
shape ; then, after another short interval, stacked, or, as it is called, laid in a hack. 

Drying. — The bricks should be left in stack until thoroughly dry, as, if put into the kilns damp, 
the strong heat of the kiln will dry them too suddenly, and probably split or partially disintegrate 
them. 

In drying bricks, they must be protected from the sun, wind, rain, and fVost ; and each brick 
must be dried uniformly from the surface to the centre. 

Slop-moulded bricks ftre usually dried on fiats or on drying-fioors, where they remain from one 
day to five or six, according to the state of the weather. When spread out on the floor they are 
sprinkled with sand, which absorbs the superfluous moisture, and renders them less liable to crack 
in the sun. After remaining on the floors until sufBciently hard to handle without injury, they 
are built up into hacks under cover, where they remain from one to three weeks, until ready for 
the kiln. In wet weatiier they are spread out on the floor of the drying-shed, and great care must 
then be taken to avoid draughts, which would cause the bricks to dry faster on one side than the 
other. To prevent this, bofurds set edgeways are placed all round the shed to check the currents 
of air. 

The ground required for drying bricks in this manner is comparatively small, as they remain 
on the floors but a short time, and occupy little space when hacked in the hovels. The produce 
of a single moulding-stool by the slop-moulding process seldom exceeds 10,000 a week, and the 
area occupied by eadi stool is, therefore, small in proportion. Half an acre for each kiln may bo 
oonsiderea ample allowance for the working floor and novel. 

In places where brick-making is conducted on a large scale, drying-sheds are dispensed with, 
and the hacks are usually built in the open air, and protected from wet, frost, and excessive heat, 
by straw, reeds, matting, canvas screens, or tarpaulins. 

Bricks intended to be clamp burnt are not dried on flats, but are hacked at once on leaving the 
moulding-stool, and remain in the hacks much lon^ than bricks intended to be kilned. This is 
renderea necessary by the difference between clamping and kilning. In the latter mode of burning, 
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the heat can be reflated to great nicetj' : and if the ^reen bricks, when first placed in tlie kiln, 
be not Uioronghl^ dried, a gentle heat ia applied until this in effected. In clamping, however, the 
full lieat ia attained almoat inunediatelj, and, therefore, the bricks tauBt be thbrooghly dried, or 
they wonld Bj to pieces. 

We append some ueetnl directioDB and practical lemarke on the burning of bricks, taken fima 
' The Roorkee Treatise on Civil En<rineering,' edited by J, Q. Medley. 

The bunting of bricks it an operation of greet nicety, becsuae if not burnt enough they will be 
soft and worthleBs, and if overdone, they vitrify, lose their shape, and often mn together so aa 
to be inseparable and useless. Various methods have been adopted for piodnoing the due degree 
nf firing. In general, bricks ere bqmt, both in America and England, in a brick kiln ; bnt in 
London, the burning constantly takes place in the open air, the bricks being made np into 
immense quadrangular piles or slumps, coDsisting of from 200,000 to 500,000 bricks in each. In 
India both kilns and clamps are used. 

Eajliak Kiln. — A brick kiln, as usually constructed, is formed of bricks bailt in a aqnare (6roi 
like a bouse, with very thick aide walla, and a wide doorway at each end, for taking; in and carrying 
out the bricks: but these doors are built np with soft bricks laid in clay, while the kiln is burning, 
and a temporary roofing of any light material ia gonerallv phicod over the kiln to protect the raw 
bricks from rain while setting, and so made that it may bo removed after the kiln is fired. The 
English kilna are generally 13 ft. long, 10 ft. wide, and 12 ft. high, which size contains and bnms 
20,000 bricks at once. Wo&d is the usual fuel uaed in these kiloa, and they are frequently buQt 
with partitions, for containing the fuel and for supporting the bricks, in Uie form of arches, as 
will be presently described. The bricks must be placed in the kiln with greet care, and this 
operation is called setting the kilo, and is performed by one or two men who understand the bnsi- 
neea, and to whom the raw bricka are delivered in Imrrows. The form of the setting is pretty 
nearly the aame iu tlio country kilns and in the London clamp), except that in the latter the arches 
are much smaller, because wond is only used for kindling and not for burning. 

The bottom of the kiln, Fig. 1340, is laid in regular rows, of two or three bricks wide, with an 

i3<a 



interval of two bricks between each, and these ro^rs are so many walls extending lengthwise of 
tlie kiln, and running quite through it : they are bnilt at least six or eight courses high, so a* 
to give the kiln the Mipearance shown in the figure, whidi is an end view of the kiln. And 
this ia permanent work in kilns that have fire-places built in their floors, or it has to be fanned 
every lime the kiln i»4et, when it has a flat bottom. The intervals between the walls are laid 
first with shavings, S brushwood, or anything that will kindle easily, then with larger bmsbwood 
cut into short le3|t^ that it may pack in a oompact manner; and lastly, with logs of split wood. 
This dane,*4fa£OV0t«panntng or formation of the arches ia commenced; for this purpose every 
couraeTlfcbrickJVlitde to extend IJ iu. beyond the couree immediately below it, for five courses 
in height, Dttong ore to aiintte Well behind, that is, to back up, or fill up with bricks gainst th« 
over^i^nncrB. An equal number of courses, on the opposite side of the arch, is then set as before, 
and Ihufribo arch is formed, which is called rounding, and is a nice and important operation, for 
if the arch talhrer'falls in, the fire may be extinguish«l, or many of the bricks above the arch may 
be broken^ Tt^p intermediate spaces between the aiches are now filled up, so as to bring the whole 
surface to a huiA, and then the setting of the kilns 

Erooeeds with regularit;y untO it obtains ita full '**•■ 

eight. Id setting the kiln, not only in its body, hut 
in the arche« also, the ends of the bricks touch each 
other, bnt narrow spaoee must be left between the 
sides of every brick fbr the flre to play tbrongh, a 
this is done by placing the brioks on their edges, 
and following what is called by briok-makers the 
rule of three upon three, reversing the direction of 
each course, as shown in Fig. 1341. The kilT' being 
filled, the top course is laid with flat bricks, to disposed ttiat one brick a 
which process is called platting. 

Indian Kiln. — There are various methods in practice in India of filling and firing a kiln of the 
same conatraotion as the above. 

1st. Laying altenate complete layers of wood fuel and of bricks, the flues paseing only 5 or 
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6 ft into the interior of the kiln, all the rest of the floor being occupied by the first layer of 
fuel. 

2nd. Arranging the bricks in a second set of flues five'or six courses above the first, and cross- 
ing them at right angles; and so on with flues alternately in these two difierent directions to the 
top; or, 

3rd. Having, as before, one series of flues at bottom, and above alternate complete layers of 
bricks and fuel. 

Firing, — ^The kiln being fllled, the firing succeeds, and this is a most delicate operation, and 
one that requires much experience. The fuel is kindled under the arches, and requires close 
watching and attendance, for being in a large body, it would bum violently and produce a sudden 
heat such as would crack and spoil the lowest bricks. To check the burning, the arch holes or 
mouths are closed with dry bricks, or even smeared with wet clay, in order to prevent the entrance 
of air and the rapid combustion that would ensue. The fire must be made to smother rather than 
bum, as in making charcoal, in order that by its gentle heat it may evaporate the humidity that 
remains in the bricks, and produce drying rather than burning. This slow fire requires to be 
kept up about three days and three nights, by occasionallv opening the vents to supply air and 
additional fuel, and dosing them until the fire gets up^ as tne workmen call it, that is to say, until 
it has found its way through all the chinks and openings between the bricks, and begins to heat 
those at the top of the kiln. To ascertain the progress of the fire, the top of the kiln must be 
watched, and as soon as the smoke changes colour from a light to a dark hue, the drying is com- 
plete, and the fire may be urged. The first, or white smoke, called water-smoke, is in fact little 
else but the steam of the water while evaporating, and when that is gone, the real smoke of the 
fuel succeeds. Now the vents may be opened to admit full draught, and a strong fire kept up for 
from forty-eight to sixty hours; but the heat must not be white or so strong as to melt or vitrify 
the bricks, and whenever it appears to be increasing too rapidly, the vent must be partly closed. 
By this time the kiln, if it contains thirty-five courses, will be found to have suuk about 9 in. ; 
but the stronger the clay the more it will shrink, and it is by this sinking that the workman knows 
when the kiln is sufficiently burnt. The experience of burning a few kilns will show how much 
the clay of that particular place yields to the firing. When it is thus ascertained that the kiln is 
ready, the vent-holes, and all other chinks through which air can enter, are carefully stopped with 
bricks and clav. In this state it remains until the bricks are cold enough to be taken down, when 
they are distributed for use. 

From the nature of the above process it will be evident that bricks of very difierent qualities 
must be found in the same kiln ; for as the fire is all applied below, the lower bricks in its imme- 
diate vicinity will be burnt to great hardness, or perhaps vitrified ; those in the middle will be 
well burnt ; and those at the top, which are not only most distant from the fire, but more exposed 
to the open air, will be too little burned ; consequently, if they can be used, they must be reserved 
for inside work that is not exposed to the weather, or thev will soon fail and crumble to pieces. 

English Clamp, — In the English method of open clamp burning, without any kiln, the piling and 
disposition of the bricks is the same as above described, except that the bottom arches are much 
smaller, as they are only intended to oontain brushwood to produce the first kindling, and not for 
the future supply of fuel. No fuel is used except the breeze cinders and small coed, and this is 
distributed, by means of a sieve with wires about half an inch apart, over every course, as it is 
laid near the bottom, and over every alternate course, or every thinl course higher up in the kiln. 
The first layers of this fuel are from 1 in. to 1} in. in thickness ; but they diminish as they ascend, 
because the action of the heat is to ascend ; consequently, there is not the same necessity for fuel 
in the upper as in the lower part of the kiln. The bruanwood in the bottom ignites the lower 
stratum of fuel, and from the nature of its distribution the vertical as well as horizontal joints 
will be filled with it, and thus the fire gradually spreads itself upwards, and the whole damp is 
nothing but a mass of bricks and burning fuel. The heat is therefore much more generally dis- 
tribute throughout the whole mass, and in order to confine it, the entire outside of the clamp is 
thickly plastered with wet clay and sand, the bottom holes being opened or shut, as occasion may 
require, for regulating the draught of air. 

Notwithstanding the heat is much more equally distributed throughout this form of kiln, yet 
the outside bricks ul around receive very little advantage from the fire, and are never bumt ; but 
being on the outside they are easily removed, and are reserved for the outside casing of the next 
damp that may be built ; and being then turned with their unbaked sides inwards, some of them 
become avedlable. On taking down the clamp, the bricks are assorted into three separate parcels 
or varieties, according to their perfection and goodness. Those that are bumt very hard and have^ 
not lost their figure or shape, may be selected for arches. The main body of well-ijumt bricks are' 
Galled etodtSy and those which are imperfectly burned are called place bricks. 

These several varieties of brick have each a separate price, the best being worth twice as much 
as the worst. If the fire has not been carefully attended to, and has been permitted to get too 
violent, some of the lower bricks will become distorted by partial fusion, and may fuse and adhere 
together, when they are called clinJters, and are usdess for building purposes, but form an excel- 
lent road material. 

A coal clamp of 100,000 bricks rarely bums out under a month. There is a great saving of 
fuel in burning lai^e clamps; but where time is an object, small clamps ought to be made. The 
bricks ought not to be opened out before they are thoroughly cool, as tney are apt to crack by the 
breeze playing upon them when hot. The amount of coal to be used depends upon the quality of 
the fuel, and the degree of hardness to which it is wished to bum the bricks. Six hundred and 
fifty or seven hundred maunds of moderately good coal ought to be sufficient to bum 100,000 
bricks; a great deal^ however, depends also upon the clay; a light sandy clay, such as is found 
by river sides, takes less fuel than a hard, strong clay. 

A mannd is an Indian weight, varying in difierent localities from 24 to about 82 lbs. avoirdupois. 
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The Madras mannd is 24 or 25 lbs. ; the Bombay maund 28 lbs. ; the Surat maund 41 lbs. ; and 
the bazaar maund 82f lbs. 

In London, close instead of open clamps are employed, no spaces being left between the bricks. 
Each brick contains in itself the fuel necessary for its vitrification ; the breeze or cinders serving 
only to ignite the lower tiers of bricks, from which the heat gradually spreads over the whole 
clamp. 

Indian Clamp. — The native clamp, or pajdtoaK, is an arrangement for brick-burning in the open 
air, somewhat resembling the English clamp. The bricks and fuel are laid alternately, the 
former in courses of four or five bricks, the latter of 2 or 2^ ft. in thickness, the proportion of fuel 
being diminished towards the top. The whole is generally built with one side abrupt and nearly 
vertical, and with a long slope on the other. The fuel consists of dry grass, wooden chips, khdt 
(manure), koorah (litter, miscellaneous dry sweepings), and oopla (dried cow-dung), and very gene- 
rally a layer of wood under all. 

The form of the pajdwah is generally triangular ; its floor smooth and sloping at an angle of 
15% being lowest at the angle, where it is lighted. The upper surface slopes at an angle of about 
80% in the direction of its length. 

The following is a note on brick burning in pajdwahsy by Lieut. J. Finn, formerly Executive 
Officer of Materials at Roorkee : — The quantity of fuel used in the Hindoostanee kilns at and near 
Boorkee is about 6 in. thicker than the layer of bricks placed over it ; that is to say, if the fuel is 
3 ft. in thickness, the layer of bricks placed on the top of it should be 2^ ft. or five bricks high ; 
each brick being 6 in. wide. A kiln now being filled at Boorkee has a layer of wood about 1 ft. 
deep all along the bottom, but none in the second or third tiers, excepting a small quantity at the 
mouth of the kiln to ensure its speedy ignition. When the kiln is ready for firing, about 1 ft. in 
thickness of fuel is spread all oyer its top, and over that 1 ft. of ashes. 

The under-mentioned quantity of fuel will bum one lakh of bricks in a native kiln, namely, 
325 2-bullock cart loads of khdt, 750 maunds of ooploy and 100 maunds of fire- wood. 

Once a kiln is filled, covered over on the top with ashes, and fired, it is not liable to injury 
from high strong wind ; nor will a heavy fall of rain harm a kiln when in the above-mentioned 
state. 

The size of bricks used in masonry works of the Northern Division, (ranges Oanal, is 
12 X 6 X 2} in. 

The sooner a Hindoostanee kiln is fired the better. When about one-third filled, the kiln 
ought to be lighted, for the fire will bum quicker and more equably before the fuel becomes com- 
pressed and partly decayed than it would otherwise. 

The fuel used in a pajdtoah consists of all kinds of combustible refuse of towns and villages, 
and oopla and dimg made into cakes well dried in the sun. Oopla and huddy khuddy (bones and 
pigs' dung) have been weighed before being put into kiln ; of the former, from 1500 to 1800 
maunds; of the latter, from 300 to 600 maunds ; and about 6000 maunds of koorah (village refuse) 
are required for one lakh of bricks. Small quantities of wood have sometimes been put into kilns, 
but it proved disadvantageous, and the use of wood and koorah conjointly is iniurious. 

The time occupied in loading a kiln varies from two to three months for each lakh. Experience 
has convinced brick-makers in India that the sooner a kiln is fired the better. The rule is that 
when 40,000 or 50,000 bricks were piled into the kiln, it should be lighted ; the progress of the fire 
being slow, any number of bricks can be piled afterwards. 

Figs. 1342 to 1344 show sections of a brick clamp as burnt by Oaptain Sage. Contents of 
kiln. Fig. 1342 : — Small wood and chips, 600 maunds ; coal in layers, 750 maimds ; bricks, 206,000. 
(Contents of kiln, Fig. 1343 :— 75,000 bricks ; 1185 maunds of wood. 



134X 
Burnt with coal at Bhoorsoot. 
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Ground Plan similar to tliat of Fig. 1343. 
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Barnt with wood 4t JaUpuor. 
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Vajioui experinteab were msds in Bengal, and the temlt pablished by the Militniy Board, 
in 1S27 and 1828, on the burning bricki in chmpi, both with wood and coal. The clampa were 
built with fluee aa described in the Engtiih Ulai, bnt smaller, and filled with well-dried chips or 
brushwood. For the fuel above the flues, green wood wa« preferred, aa retarding the fire ; wood- 
londed kilns generally burning too rapidly, and c&uaing great liHa by vitrifying tbe bricks in 
the centre. The wood wsa split up into pieces not exceeding 4 or S in. in tmckness, and ao 
arranged as to leave level sorfaceti, (ui the layers of bricks to be laid upon. The flues were 2 ft. 
high and 9 in. wide, with three bricks laid flat on them, having narrow intervals to allow of the 
Are ascending from the Baea. The clamps were flnished with alternate layers of brick and fuel, 
the bricks being laid touching each other thronghont, the interstioea formed by tbcir contraction 
under the great heat being snfflclent to enmre the firing of the upper layer* of fnel. The sides 
of the clamp were then bmlt up with mod and broken bricka, well plastered with mad to eiclude 
the air. 

Beaidee the advantage of cheapness, coal is shown to be in many other reepeeta anperior, aa 
fuel, to wood ; the spaoe occupied by it between the layers of brick is so much amaller, that the 
clamp ainlu much leaa. and its outer casing is loss deranged. Tbe wind which interferes with 
tbe gradual sod equable procees of the Are ia thna better kept out. Tbe loea bj breafceige is like- 
wise much less, and the bricks from being bunt more slowly are more oompact. The oosl should 
be broken into piecea not eioeeding 1 in. in diameter. In kilua, likewise, coal must have like 
advantagea over wood eioept as regsrda the greater digplacement of the casing of the clampa ; the 
permanent walls of kilna not being liable to this contingency. Kiln walls mav be built of bricks 
plastered with mud, and repaired with the same material from time to time ; they should slope on 
the outside about I ft. in 5. 

Anotbet oonatruction, by; Cspt. Bell, Via. IMS, 13*6, saenu well adapted to prevent the 
sinking of kilos when wood is used as fuel. The wood Is everywhere contained in fiuee, crossing 
each other at right angles, the walls of whioh are snppnted by layers of bricks on edge, completely 
covering the arm of the kiln. 



oTflues, running across the ground fluea, and, after flUing up between the flaea with wood, tlie 
whole area Is bnilt over with three bricks on edge, the length oT the biieks riuming in the saoie 
direction with the flaea and wood. Tbe full height is formed by an alternation of fluea and solid 
masses of bricks, aa shown In Fig. 1346. Two rows of brioka laid flat aeem to be reaaieite above 
ocA set of flues, to prevent tbe bricka on edge frcon falling into them, whilst the fuel ia being 



To oloae the damp, extend the flue opening as at n, Fig. 134S, one brick in length, and oover 



Brick Clamp hnnit by Captain Btll at Bardwan. 
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it with two flat bricks. Then build up, with one briok breadth-ways, the outer coating as at 47 
(with half-dried bricks, or any kind), oyer which straw (well wetted) is laid on the slope from the 
top downwards, giving it a good coat of mud plaster. The mud should not be thickly laid on, but 
well rubbed into the grass. If thick, the heat of the fire and sun makes it peel off and admit the 
air, before the fire has gone through the kiln. 

One great error appears to consist in putting large masses of wood into the upper tier flues : it 
is thus that so much material becomes vitrified. The ground flues ought to be fiJled (but not 
choked) with good dry fuel intermixed with chips, so as to communicate quickly through the 
whole. The wood of the first tier should be reasonably large, with some small pieces or chips ; 
and in every higher tier in succession they should be less in size as well as in quantity ; because, as 
all the fire and heat rise from below, the higher tier has the advantage of all the foregoing flue firas 
in addition to its own. Previous to its ignition, too many bricks should not be piled above wood, 
however great the quantity of the latter, or they will be irregularly burnt and much fuel wasted. 

See Bond. BoyD-OounsB. Brickwork. (Construction. Kiln. Stone, Artificial. 

Works and Papers relating to Brick-making: — ^Brughat, *L'Art du Briquetier,' 2 vols., 1861. 
Dobson (£.), ' On Bricks and Tiles,' 18681 Medlev (F. G.), ' Boorkee Treatise on Civil Engineer- 
ing.' Papers by Glift, Fothergill, and others, in the * Trans. Inst. Mechanical Engineers.' 

BBIOKWOkK. Fb., Mofonnerie de briquet j Ger., Mauerarbeitj Ziegeltoerk ; Ital., MatUmato; 
Span., EniadrilCatdo, 

A term used in the art of construction to denote the combination of bricks with mortar or 
cement. 

Architects and surveyors in the neighbourhood' of London adopt as their standard of measure- 
ment for brickwork the square rod of 272 ft. superflcial, reduced to a thickness of 1} brick. In the 
provinces and by civil engineers the cubic yard is more commonly used. 

A rod of reduced brickwork of four courses to the foot in height requires 4356 bricks, and a 
cubic yard requires 384 bricks. When the mortar-joints are limited to | of an in. in thickness, 
the rod of brickwork contains 258 ft. cube of bricks and 48 ft. cube of mortar ; the cubic yard 
contains 22f ft. cube of bricks and 4^ ft. cube of mortar. When the joints are 1 of an in. in 
thickness, the rod of brickwork contains 235 ft. cube of bricks and 71 ft. cube of mortar; the 
cubic yard contains 20f ft. cube of bricks and 6} ft. cube of mortar. 

The proportions, in general, of bricks and mortar in any given quantity of brickwork vary 
according to the size of the bricks and the thickness of the mortar joints. In practice, 3 cubic 
yards of mortar are allowed to a rod of brickwork, and 36 bushels of Koman cement with an equal 
quantity of sand ; but when Portland cement is used there should be allowed about 38 bushels of 
cement to an equal quantity of sand. When the proportions of Portland cement to sand are to be 
as 1 to 2, 25 bushels of the former and 50 of the latter will be required for a rod of brickwork. 
126 gallons of water are usually allowed to a rod of brickwork to slake the lime and mix the 
mortar. Cement requires rather more water, particularly Boman cement, which absorbs it very 
rapidly. 

The weight of bricks varies considerably, some weighing only 5 lbs. and others 7^ lbs., and in 
some cases as much as 9 lbs. each. For the purpose of calculation, however, the weight of a rod 
of brickwork just built may be taken at 16 tons, which will probably be reduced to 15 tons when 
the work becomes thoroughly dry. 

Some bricks are very porous, and will absorb more than one-fifth of their weight of water, if 
immersed in it soon after their withdrawal from the kiln. When bricks are exposed to the rain. 
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which is QBCUilly the case when stacked for bailding, thej take up a large quantity of water, which 
they never entirely part with. Ordinary London stocks absorb about one-fifteenth part of their 
weight of water in the process of building, most if not all of which they lose again by evaporation. 

Brickwork built with Portland or Boman cement requires a weight of about 30 tons a 
superficial foot to produce fracture by compression ; and when built with blue lias lime mortar, 
thoroughly set, it requires about 20 tons. When Portland cement is used, fracture almost 
invariably takes place in the bricks ; but witii Roman cement, particularly when used with much 
sand, fracture sometimes occurs in the cement itself, and still more frequently when mortar is the 
cementing material — a result naturally to be expected from a consideration of their relative degrees 
of strength. See GoNflTRuonoN. 

BBICK-NOGGING. Fr., Semplissage de briqites cTun chdsaU de charpente; Geb., FQUmcmer- 
verk ; Ital., Muratura di riempimento. » 

Briok-nogging or brick-nog partition, is a description of walling consisting of brickwork and 
timber. It is usually made of the width or thickness of a brick, and is framed similar to a wood 
partition, the quarters or studs being 2 or 8 ft. apart, with brickwork filled in between them ; 
horizontal pieces, called nogging-'pieces, are also laid in reg^ular tiers between every two courses of 
bricks. Although briok-nogging does not add to the strength of a pojrtition, it is some little 
security against fire. 

BRIOK-TBIMMER. Fb., Ench^truve de briquea d*une chemm€e; Geb., Gurt bogen tm Kamin ; 
Ital., Aroo di mattoni. 

Brick-trimmer is the term applied to a brick arch abutting against the wood trimming just in 
front of a fire-place, and used to support the hearth. See Fig. 271, p. 121. 

BRIDGE. Fr., Pont; Geb., Briicke; Ital., Ponte; Span., Pvente, 

Bridges are structures, usually of wood, stone, brick, or iron, erected over rivers or other 
watercourses, or over ravines or railroads, to make continuous roadways between banks. 

A draw-bridge is a bridge so constructed that a part of it may be temporarily removed, or 
drawn aside, to allow the passage of vessels ; called also a swing-bridge^ or bascule-hridge, when the 
part which opens turns laterally on a centre or end pivot. In mathematics and mechanics the 
terms laterally^ lateral^ and laterality, or the Quality of having distinct sides are often misapplied. 
Lateralj as an adjective, signifies proceeding from, or attached to, the sides ; as, the lateral branches 
of a tree ; lateral shoots ; or as an adjective this term may signify, directed to the side ; as, the 
lateral view of an object. Sometimes, in mathematics, an equation of the first degree is designated 
as a lateral equation. In mechanics, lateral pressure or stress is a pressure or stress at right angles 
to the length, as of a beam or bridge ; distinguished from longitudinal pressure or stress. And 
lateral strength is that strength which resists a tendency to fractuz^ arising from lateral 
pressure. 

In the sequel, we treat of the construction and mechanical requirements of Draw, Oirder, 
Lattice, Truss, Tubular, Flying, Susp^sion, Skew, and Trestle bridges ; after we have examined the 
nature and actions of pressures, thrusts, and tensions. 

Equilibrium of Pressures, Thrusts, and Tensions; — Forces, — Anything which cannot be presented 
to the senses must be represented conventionally, or no idea of it can be entertained by the mind. 
We have no objection to represent the magnitudes and directions of forces, velocities, pressures, 
thrusts, and tensions by straight lines of difierent lengths, and in difierent positions; but we 
object to the careless manner in which vrriters on mechanics represent forces, pressures, velocities, 
&c., by straight lines, triangles, and parallelograms, out of all proportion, ana often, too, without 
the least regard to the action, direction, or nature of the force considered. In the article on 
Boilers, p. 425, we gave a conventional signification to the areas of plane figures, but in the 
present article the sides and angles of triangles, parallelograms, and other plane figures are 
employed to give an idea of mechanical operations and combinations, where the principle of work 
does not apply, as rest and not motion is here principally considered. 

When comparing graphically the action of statical forces, it would be convenient to put a split 

arrow (^^ — ^) to designate the directions of tensions, the arrow without feathers ( -» 

to point out the directions of thrusts, while the complete arrow ( ^ » might be applied to forces 

in general. If three forces P, Q, B, Fig. 1347, be represented by the abstract numbers, 6, 4, 3^ 

respectively, then if A B G be a triangle whose side .^.^ 

AC = 6, AB = 4, BC =: 3, equal parts taken from ^ 

any scale of equal parts; let FO be a tension equal 

and parallel to A G, Q O a tension eoual and parallel 

to A B, R O a tension equal and parallel to B G ; these 

three tensions wiU keep the point O at rest. Three 

thrusts represented by three lines PO, O Q, R, whose 

lengths are as 6, 4, and 3, respectively, and paiallel to 

the sides of the triangle ABC, will also keep the point 

O at rest. Take A T equal and parallel to B C, then 

the two thrusts represented in magnitude and direction 

by the lines T A, B A, and the tension represented in 

magnitude and direction by the line A G, will keep the 

point A at rest. Again, if B S be equal and parallel 

to A G, tensions represented by A B, B S, and a thrust, 

G B, will keep the point B at rest. 

Let PA, QR, Fig. 1348, be a parallelogram, if 
PA, QA, represent the magnitudes and directions 
of two forces, two pressures, two thrusts, two tensions, or two velocities acting on the material 
point A ; then the diagonal R A will represent the magnitude and direction of a single force, 
pressure, ihrust or tension, equivalent to the operations represented by the lengths and oireotiona 
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of P A and Q A. Bnch imagiQar; panllelof^ma form a ftreat portion of the Btock-m-tnde of 
writers on mechanics. We have iDtroduced Fi^. 1347 to 1351 to iUustrate the m&nner in which 
the differont forms of arrows may be applied with advantage. The propertieB 

rinted out in Fig. 1347 depend upon the truth asserted of the p&rsJlelogram *^*' 

AQR, Fig. 1348, which WB will proTe presently, - _ ^ a 

The principle of tafficieat rt/uon ; fint emptoyed by Archimeda in daaomtrating 
the fundamental propotitiant of medvmict. — Let F and Q, Fig. 1349, be two equiJ 
forces acting in the same plane on the rigid perpendicular prop A R, the paint 
It flxed ; further, let these fOR»e P, Q, make equal angles, SAD, SAB, with 
the prop A R, which maj turn to the right or left round the fixed point R. 
But as the forces P and Q and the angles BAB and D A B are also equal, there \ 
is no reason why the poet A R will turn to the right or left ; hence it will stand, 
and the two tensions will be neutralized by the perpendicular thrust of the post A R, This wecalla 
mechanical demonstration, and the principle applied the principle of mgicimt rauon. For there is no 
reason why the post under oonsideration should fall to one side more than another, hence we conclude 
it will fall to neither side. Let A BCD be a parallelogram whose Hides are all equal ; if the length 
of the line AB be taken to represent the m^fnitude of the foroe Q, then AD will truly represent 
the force P : and two other equal forces, V and U, applied to the point C, repreeented in magnitude 
and direction by the lines CD, C B, will counteract the forcee P and Q the same as the poet A B, 
the diagonal A C being rifi^d. The principle of suCBcient reason applies here as in the farmer 
case. It is evident that anv number of equal toroea may be applied in the directions of the 
anowa, P = Q = V = U, without disturbing the form of the equal-sided parsllelogram A B C D, 
or the portion of tbe rigid diagonal A, The abstract truth of the parallelogram of forces, 
thrusts, tensions, preesurea, or relocities may be established by reasoning as follows : Let A B C O 
be a paraUelogram ; when its aides can be eipreased by nnmbere, it may be divided into small 
parallelognims, the sides of which are all equal to one another. We have selected a very simple 
case, and taken OC = 4 equal parts and AO = 3 of the same parts. Let the force F Iw to the 
force Q asm ton; In the present example, P : Q :; 1 :3. 




The forces P and Q applied to the material point O In the direction O C, O A, may evidently 
be represented by the lines O C, O A ; if a new set of forces, represented by the small parallel<>- 
^ams, be introduced M represented by the anows iii the figure, the combined action of the forces 
P and Q will not be interfered with, nor will the enailibriiun of the figure be dinturbed. I'ake, 
for example, the small equal-sidod parallelogram D E T L, and for a moment suppose the diagonal 
D T rigid ; then the priadple of tagtcient return applies to Uie forces introduced, and no disturbance 
takea place. Let us now view these forces under another aspect. Tlie forces alone tbe aides of 
the small pamllelograms on tbe line C O are equal to the force P, but in a contrarv direcliou, and 
hence destroys it. The forces represented on tbe line 9, 10, also destroy oue another. This may 
be said of the forces on the line 7, 8 : but the forces on the line A B are not neutralized, and are 
exactly equal to the force P, but applied to the point B in the diagonal O B. Again, the forces 
along the sides of the btqbII parallelograms on the line A O are equal to the force Q. but in a con- 
trary direction, and hence may be said to destroy it. The forces pointed out by the arrows on the 
line 1, 2, also neutraliie one another; the same may be said of the forces supposed to be intro- 
duced on the line 3, 4, and so on. until we arrive at the forces pointed out on the last line BC, 
whiah, together, are exactly equal to the force Q, but applied to the point B in the diaeonol O B. 
According as the equal parts be loni; or short, the point B will change its position : but it wiU 
always be in tbe diagonal O Z, and the fbrces a -Vb Jr c + d^V and </ -H/-t-s = QwiUinall 
cases have their resultant position in the diagonal O Z. Had we supposed the force P to be 
divided into 1000 equal forces, C would be represented by lOOU equal ports, and O A = Q would 
then be composed of 75U such parts, and our reasoning on the 750000 equilateral small parollelo- 
Kranu of forces would result in the some conclusion. The equilibrium of forces and pressures may 
be illustrated in a practical way by a simple mechanical contrivance, represented in Fig. I35L 
easily oonstmoted. Suppose P Q B to be a slate or board rolling freely upon three equal spherical 
bolls placed on a horizontal table ABC. If any three points, P, Q, R, bo taken in the snrfcoe 
of the plane movable on the balls, and cords, A F, B Q, C B, be attached, passing over tbe pullejra, 
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with » differont unmmt of weigbt kttachml to the other enda—the ends wjffa the weights attached 

nt not represented in the cut — the board P Q R will roll npoD the balls, and ultimately oome to 

reet upon the table ABC, where the throe forces destroy eech 

other. When thin experiment in earufullj mude, it will be found '^'- 

that the directiom of the forcoB A P, B Q, C R, meet in the same 

point O. Again, from any scale of equal parts take O f = the 

pounds in the force dmwing the card Q B, end from the same scale 

of equal parts In; oCf O a - the poundB drawiog the oord R C ; 

then, it the parallelogram Orio be ooDstructod, the diagonal 0> 

will be in the direction of the third force acting over the poUe; A. 

It will be further found that the units of length in Oi, the dia- | 

genal, will = the weight or foroe acting by the oord A F. 

If Oa = 22 equal parts, Or = 26, and Oi- 2t;, all measured 
on the ume scale of equal parts, then, if 7 lbs. be attached to the 
oord Q B, and 5^ lbs. to the oord R C, a weight of 6} lbs. mu.t be 
attached to the cord A B to maintain this equilibrium. When 
forces are tboa represented by a parallelogram, as On a, the forces 
represented by the sides are called the component forces, while 

the force represented by the diagonal is donomioated the resultant. Another experiment may be 
instituted to determine the intensity of Soteofi bv this siniple apparalos. Instead of three forces 
being applied to (be board, let there be any number ; and suppose H to be any point taken in the 
moTable plane P Q R, and from H let fall perpendicnlan H n, H «, H/, and so oo, in the direc- 
tinnii, or directions produced, of the forces ; then the units of length, taken from any scale of equal 
parts, multiplied by the pounds in the oorreiponding foroe, will be what is termed the momait of 
that force tending to turn the board or movable phine upon the point H. This being done, the 

Erinoiple denominated t^e principle of (A* egualits of taomenti may be verifled by experiment. Here 
ut tlu«e foroes are applied, but any given numbu' may be introduced ; in the present cave, 
H/xBlhs. + Hm X Clbs. = H xaAlbs. 
The student must not oonfnuiu) Iht principle of the Hjunlitg of monim/i, just defined, with the 
intensity of forces usually considered by examining the motions they produce, or the spaces passed 
over when the motions are nniformly accelerated. It has been before shown that, generally, 

(Force) =j'j: [I] 

time, denominated an element, during which the i 
<ws that it^ by observing the laws of motion, we 

each instant the value of the ratio y, we shall then have that of the ooiresponding effort dosig- 



V, = ^ = -,a.in[I]; 

<Fo«e) = ^y. [2] 

Sapprae a Inoomotive weighing 10 tops (22400 lbs.) mns, with a aniform accelemted motion, a 
distance of IM'4 tl. in four leoonde; required the fince in lbs. capable of imparting thia accele- 
rated motion, tbe friction of the tail not being considered? 
22400 2 K f]54'4^ 

From [2] (Foroe) = -^^ ^ ^ = 13440 lb*. (Bee pp. 98, W, 116 Byrne's ' E«ential 

Elements of Uechanics.') 

Defnition.—A bar is called a itmt, or a tie, Moardlng as a thmst or a pull is exerted along its 
line of resistance. 

Let CHBA, Fig. 1352, be a iMelon diagram representing cenlres and lines of resistances, 
H B a platform with a load W = 47 cwL upoQ it, G B a chain sujiporUiig both load and pUtform ; 
Sud, by construction, the tension of the obnia and the amount and 
direction of the pressnre upon U, the puiot abont which the plat- 
form turns, the weight of which luring neglected ? 

Draw W A perpendicular to HB, intersecting the chain in A; 
join A and H, and, from a scale of equal parts, lay off A p = 47, a 
part for each lb. in W, which acts in ihe direction A W. Draw p r 
parallel to G B, and r n parallel to A W ; tbe peiallologram A a rp " 
gives the required tension and throst. In tbe diagram A r ^ 87 1 
equal parts, answering to 37 cwt., the pressure on the hinge H ; < 
An - 2S equal parts, answering to 26 cot,, the pressure tending 

to broeh the chain. Take H ( := A r draw i m paraUel 1o W H, and 1 1 parallel to H C ; then 
U ( gives the thrust of W against the wall, which is represented by H C, and H m shows the 
pressure in the direction of the stationary wall H C. 

Given a triangular frame, A B G, Pig. 1358, loaded and supported both in the direction of the 
vertical line D E ; find the relative proportions of the forces ? 

Put A, B, C, for the three Joints, and a, b, c, for the three bars. These things being premised, 
from any point, P, draw P R, P Q, P B, perallel to the lines of rosislauoe a, 6, c, respectively ; across 
tfaeee lines the vertical line Q R 8, then the following pTOportions apply to the foroes ; — 

Load on A : supporting force at B : supporting force at C : stress alona c : stress along a ; stress 
along b ; so stand in order and proportion tbe lines QB:BB:QR:P8:FR:PQ. 
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Oat of the six proportions thus saocmctly stated, to illustmte^ we shall single out one 
Load on A : supporting force at B : : Q 8 : S B. 
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Let a pole, A B, Fig. 1354, be supported by a oo^d, G B, and carry a weight, W ; required the 
tension of the cord, and the pressure on the pole ? 

From B to n lay off equal parts, equal to the units of weight in W ; draw m n parallel to C B, 
intersecting B A in m; draw mp parallel to B n ; therefore the units in B p will give the tension 
of the cord B, and the units, measured on the same scale of equal parts, in the diagonal B /a, 
will give the thrust on the pole A B. 

Struts may be distinguish^ from ties thus :— In Fig. 1855, P Q, Q R, represent two bars of a 
frame meeting at the joint Q ; produce the lines of resistance beyond Q to S and T. Then a force 
in the direction of the arrow A, between the angle P Q R, both bars are struts ; if the force bo in 
the direction of the arrow B, in the angle T Q P, then P Q is a strut, and Q R a tie. Again, when 
the force is applied in the direction of the arrow C, both bars are ties ; and, lastly, when the foroe 
is in the direction of the arrow D, in the angle S Q R, then P Q is a tie, and Q R is a strut. 

A beam, A B, Fig. 1356, resting on a wall, G, and supported by a cord, Q A ; it is required to 
determine the direction and tension of the cord B P, so that the beam may not change its position 
when the wall G is removed, the point B being also given ? 

Let G be the centre of gravity of the beam, through which draw the vertical line G < in the 
direction of the plumb line, to meet Q A produced in s, join s B, and produce it ; B P in the direc- 
tion of « B shows the direction a cord fastened at B must take so that the beam will not change its 
position when the wall G is removed. 
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To find whether a pier, or other support, 8 T, Fig. 1357, will overturn by the action of a force 
P, or the resultant of several forces operating in a given direction, PGA. Produce the direction 
of the force P, and let fall the perpendicular O A ; then, in order that the 
structiu^ may not turn on the point O, we must have, G being the centre 
of gravity, weight of the structure 8 T x O B greater than P x O A. 
When (weight ST) x OB = P x O A,the pier will be on the point of turn- 
ing on the edge, O. 

By ConstntctioH, — ^Let B G be the vertical line passing through the centre 
of gravity of the pier or pillar, intersecting the direction of the force P in 
the point G ; from a scale of equal parts take G F = the units in the pressure 
P, and from the same scale take G E = the units in the weight of the struc- 
ture, S T ; complete the parallelogiam of forces, G D E F, then G D will give 
the amount ana direction of the single force tending to overturn the struc- 
ture or support, 8 T. When G D produced intersect the base within the 
edge O, the structure will stand ; but should the point of intersection, R, 
faU without the base, the structure must fall. 

A T, Fig. 1358, is a pier, or buttress, weighing 860000 lbs., P a pressure 
of 320000 lbs.; AB = 0T = 66 ft.; 0A = BT = 15ft.; the cross-section 
A BTO is a rectangular parallelogram, of which G is the centre of gravity. The direction of 
the force P tending to overturn the structure cuts A B 4 ft. from A, and A O at G, 7 ft. from A. 
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It is reqnirod to find whether the stniotare will fitand or fall, and what will be the amotmt of 
the pressure, P, just sufficient to overturn the solid mass of which A B T O is a cross-seotion? 

CP = VAC« + AP* = /^/7TF= 80622577, 

CP : PA :: CO : OQ, 

or, 8-0622577 : 4 :: 8 : 3-969 = OQ. 

Bince AT is a rectangular parallelogram, a vertical line, 8Gm, passing through the 
centre of gravity, G, divides the base O T into two equal parts. .-. O S = 8 T = 8-3 ft. ; then 
we can compare moment of the wall = 860000 x OB = 2838000. Moment of the pressure 
= 820000 X O Q = 1270080 ; 2838000 being greater than 1270080, the structure will stand. 

Putting X for the pressure that will just overturn it, acting in the direction of P, then, 

;f X O Q = 2838000. /. x = ^^^ = 715022 lbs. 

If P = 715022 lbs., the point B will coincide with the point O on the outer edge of the 
structure. 

Geometrical Proposition, — If the sides, or the sides produced, of one triangle, a, 6, c, Fig. 1359, 
be respectively perpendicular to the sides, or sides produced, of another, ABC, these triangles 
are similar, a Q, 6 P, 6 R, represent the 

three perpendiculars, angle C + C 8 P = ^"•- *"* 

a right angle, angle c -(- c 8 Q = a right 
angle ; but angle C 8 P = angle c 8 Q, 
.*. angle c = angle C. 

In the same way the angle 6 may be 
shown to be eoual to the angle B ; and 
consequently the angle a = A. 

Funicular Polygon. — Funicular poly- 
gon is the term employed to designate a 
polygon formed of rods, chains, or cords, 
whose angular points are solicited by 
any forces whatever. The equilibrium 
of such a system of thrusts, tonsiona, &o., are subject to rules easily determined. First, let us 
suppose that the polygon has not all its sides in the same plane, and is represented by the contour, 
ABCDEF, Fig. 1360. Let ?, Q, B, 8, T, . . . . bethe forces acting upon each of the summits 
A,B,C,D,E; the respective tensions of the sides AB, BC, CD, DE, EF, represented by T, T„ 
T, , T, , . . . . respectively. If the entire polygon is in equilibrium, it must be so for all the 
summits separately, and since T, must be equal and opposite to the resultant of T and P, it 
follows that any two sides uniting at the same summit, and the direction of the force acting upon 
this summit, must be in the same plane ; and the tension T| must be equal and opposite to the 
resultant of the force Q and tension T, , and consequently in substituting at the summit C, for the 
tension T, its two components P and T, the forces P and Q, and the tensions T and T,, supposed 
to be transferred to the point C, parallel to themselves, must be in equilibrium. We see also that 
the forces P, Q, B, and the tensions T and T,, supposed to be transmitted to the summit D in 
parallel directions, must then produce an equilibrium. By continuing this process, we arrive at 
the conclusion, for the equilibnum of the funicular polygon, that when all the external forces and 
the tensions of the extreme sides are regarded as transfenred parallel to themselves to any summit, 
they must necessarily produce an equilibrium there. These remarks are independent of the 
direction of the forces and the nature of the sides, and are applicable when the sides are sub- 
jected to efforts of compression instead of tension, with the reservation solely that the sides be 
sufficiently rigid to resist the compressions, without a change of form. Where the forces soliciting 
the funicidar polygon are weights, in which case the forces P, Q, B, 8, . . . . are all vertical and 
parallel, and the polygon necessarily in one plane ; for, the direction of each force, and those 
of the two sides meeting at the summit, are in the same vertical plane ; and, as through one side 
we can draw but one vertical plane, it follows that the two vertical planes, containing the same 
side of the polygon, are coincident, and so for the other sides. Again, since all the external forces 
P, Q, B, . . . . and the tensions T, T^, of the first and last sides are in equilibrium, T and T^ must 
also be in equilibrium with the single resultant of all the parallel forces. 

Determination of the Tensions by a Graj)hical Construction,— It, in accordance with the preceding 
views, we describe upon the side A B, produced firom any convenient scale of equal parts, a length 
equal to the tension T, and construct the parallelogram Babd, Fig. 1361, the side Ba, measured 
on the same scale of equal parts, will represent their tension, T| of the side B C, and the side B d, 
the external force P. Then, if we draw through the point BJ(pr example, a line BG^ perpendi- 
cular to the directions of the forces P, Q, B, . . . . upon which ky off B C», C> D^, D» E», E» V\ 
F> G^ proportiohal to the forces P, Q, B, 8, U, and from the same point erect the line B O 

Eerpendicmar to A B with a length proportioned to the tension T, or to B 6, the triangle B O C> 
aving two sides, B O, B C*, respectively perpendicular and proportional to the sides B 6 and B d 
of the triangle Bbd, must be similar to it by the geometrical proposition preceding. Then the 
third side, O C^, of the first will be proportional to the third side, 6 cf or B a, or to the tension T,, 
and will be perpendicuhu- to the side B C of the polygon ; the following triangle will be in the 
same condition, in relation to the side C D, to the force Q, and the tension T,, which will be 
proportional to the side O D\ and so on. Then, if the weight soliciting the different summits of 
the contour A, B, C, .... are in equilibrium, and we lajr off upon a horizontal line lengths 
respectively proportional to these weights, and then from points of this line corresponding to each 
summit draw straight lines perpendicular to the directions of the sides of the polygon, all these 
right lines will intersect at the same point, and their lengths will be proportional to the tensions 
of the sides of tiie polygon, which will thus be determined. If a line Y Z be drawn parallel to 
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B 0^ the triangle V O Z answeirs the same purpose aa the triangle B O G^ The triangle B O O^, 
Fig. 1362, expreaseB the same relations as the triangle B O Q\ Fig. 1361, B GP being taken eqnal 
to the sum and in the direction of the foroes P, Q, R, . . . . BO is drawn parallel to the directioii 
of T, and B X parallel to the direction of T, ; G^ X gives the tension of T, and G^ O the tension 
of Ti, both measured on the same scale of equal parts as B G^ O B is parallel to T or A B ; 
O 0* is drawn parallel to B 0; O D» to CD; O E» to D B; O F^ to E F. 

We have been very particular to pass nothing over that might make the proper relations and 
actions of forces, thus circumstanced, clear to the mind of the student, since the proper arrange- 
ment of thrusts and tensions, the action of braces, struts, and ties, in bridge-building, roofing, and 
in all sorts of lattice-work, designed to combine strength with lightness, depend upon the extension 
of the simple principles here presented. 
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If the same Fig. 1362 bo inverted, then such frame, Fig. 1363, consists chiefly of stmts, and is, 
therefore, unstable unless their ends are made fast by suitable stays. In a polygonal frame 
loaded and suspended vertically, represented by the skeleton diagram. Fig. 1362, the ban which 
are struts in Fig. 1363 become ties, and the frame is stable and yet flexible. 

Hie diagram of forces for Fig. 1363 may be constructed as follows : — Suppose the polygonal 
frame loaded vertically and supported vertically, let A, B, 0, D, . . . . be the bars ; a, 6, c, <j, . . . . 
the joints of which 6, c, d, 0, /, are loaded, a and g are supported. Take any convenient point, as 
O, draw O A* parallel to A; O B« paraUel to B; O 0» parallel to 0; O D» parallel to D; O E» 
parallel to £; O F^ parallel to F ; and O G^ parallel to G. Then draw the vertical line A^ F^ 
crossing the lines O A^, O B^, O G^ . . . . Then if the whole load on the frame be represented by 
Ai FS the parts into which A^ F^ is cut by the lines O A\ O Bi, O G^ . . . . will represent 
the fractional parts of the load that must rest on each of the joints to secure equilibrium. 

Ai B| represents the part of the load to be applied at the joint 6 ; B| C) the part to be applied 
at c ; Cj D, the part to be applied at d ; and so on. The lengths of the lines O A|, O B|, O G„ 
.... represent the resistances along the lines A, B, C, .... to which they are respectively 
parallel. The two parts Fi G„ Gj A|, into which F^ A, is divided by the line O G, parallel to G 
represent the supporting fonses at a and g, that is, F, Gj represents the supporting force at .7, and 
G| A| the supporting force at a. The horizontal stress of the frame is represents by the lei^^ 
of the nerpendicular O G, let fall from O on F, A,. If the angles of the polygonal figure A B G D 
.... DC given, the angles of the diagram of forces O A| F| are also given ; hence, when the 
length of any one of the lines in G Aj F, is also given, the lengths of the other lines are readily 
found by plane trigonometry, to any required degree of accuracy. 

If the skeleton diagram AB GD . . . . , Fig. 1363, represent an open frame, the bar G is 
omitted ; in this case the stress along the outer bars, represented in the diagram of forces by the 
lines O Aj, O Fj, must be met by oblique foroes as abutments ; for vertical supports would not be 
sufficient. This frame, being, as 

before observed, composed of struts. ^^** ^^w. 

is unstable, and must be oonnectea 
with suitable stays. 

Let A B and B G, Fig. 1364, be 
a roof resting on the side walls A 
and G; a uniform section of this 
roof weighs 6000 lbs., the angle 
B A G = 34° B G A = 44°; it is 
required to find the thrust on the 
pomts A, G, the roof being without 
a tie-beam ; what would be the ten- 
sion of a tie-beam, A G, or of a rod 
connecting the feet of the rafters ; 
and also find the direction and 
amount of the pressure of the roof to overturn the side walls ? 

To construct the diagram of forces, draw Oa, Fig. 1365, parallel to AB: Oc parallel to GB: 
and O 6 parallel to A G, Fig. 1364. o » 1— . r- 

Draw the vertical line a 6c = 6000 equal parts to represent 6000 lbs. 

Let W = 6000 lbs. applied, suppose, at the centre of gravity, G, of the section. 

.-. anglea06 = 34°; 60c = 44° Oa6 = 90 — 34 = 56°; Oc6 = 90— 44 = 46^. 
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Sin. 78° : 6000 : : sin. 56° : O c s 9085*85. Natural sine of 78° = *9781476 ; natnnl sine 
of 56° = *8290876. Sin. 78° : 6000 : : sin. 46° : Oa = 4411*44. Natural sine of 46° = *719S398. 
.*. The thrust on the point G = 5085 Ibe., and the thnist on the point A = 4411 lbs. As sine 
of 90° : Oa :: sin. aOi : ab = 2466*8. .*. 6c = 6000 - 2466*8 = 3533*2. .*. The side waU 
at C rapports 3533 lbs. of the weight W, and the side wall at A, 2467 lbs. nearly. As sin. 90° : O a 
: : COS. a O 6 : O 6 = 3657*3. .*. The horizontal thnist along the side A = 3657 lbs. 

Draw A p perpendicular to A G, and = a 6, the vertical weight at A, Fig. 1364 ; make 
An = Oa, the thrust along the rafter AB; complete the parallelogram Apmn, and draw the 
diagonal m A, = the amount and direction of the pressure of the roof tending to overturn the 
wall A. Or, to avoid complicating the figure, we reproduce the diagram of forces, Fig. 1366 ; 
taking the lines Oa, a 6, complete the parallelogram Or6a, then the diagonal a r gives the 
amount and direction of the pressure as well as the parallelogram Anmp, Fig. 1364. On the 
lines O c, c 6, construct the parallelogram O s 6 c, draw S c = the amount and dizeotion of the pressure 
of the roof applied to overturn the wall G, when the tie A G is omitted. 
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Given the skeleton diagram ABODE, Fig. 1367, of a firame loaded and supported verticallv ; 
AE being horizontal. OB^ Fig. 1368, is parallel to AB; OGiparallel to BG; OD. parallel 
to GD; OE, parallel to D£; and OF. is drawn parallel to AE; B, E| represents the whole 
load, and, being vertical, is perpendicular to O F,. Now suppose the angle F, O G| = 12°, the 
natural tangent of which is * 21255 = F| G„ when O F, = 1 ; the secant of this angle is 1 0223 
= 00,. FjOB, = 37°; F,OD, = 25°; F|OEi = 50P; then the comparative lengths of the linea 
in the diagram of forces will stand thus : — 



0F, = 1; 



F|0, 
F.B. 
F,D. 
Fj E, 



TanRent 

21255 

•75355 

* 46630 

1*1917 



0, 
OB, 
OD, 
OE, 



Seoiiit 

10223 

1*2521 

11033 

1*5557 



The frame is verticallv loaded with 5000 lbs; how is it distributed, and what are the parti- 
culars of its action when the forces balance each other ? 

F, B, + F, E, = 1*94525 =: 5000 lbs. 

1*94525 : 5000 :: 10223 : 2628 lbs. stress along the bar 6 or BG. 
1 -94525 : 5000 : : 1 *2521 : 3218 lbs. stress along A B or bar a. 
1*94525 : 5000 : : 1 *1083 : 2836 lbs. stress along bar c, 
1*94525 : 5000 :: 1*5557 : 3999 lbs. stress along d, 
F, B, — F, G, = C, B, = -75355 - -21255 = 541 ; 1*94525 : 5000 : : -541 : 1891 lbs. load on 

the joint B. 

F, G, -!- F, D, = G,D, = -67885; 1*94525 : 5000 :: -67885 : 1745 lbs. load on the joint G. 

F, E, - F, D, = -7254 ; 1 -94525 : 5000 : : 7254 : 1864 lbs. load on the joint D. 

1*94525 : 5000 :: F,E, : 3063 lbs., 

the vertical weight falling on the support at E, the remainder of the weight, or 5000 — 3063 
= 1937 lbs., must fall on ttie support at A. The horizontal stress being represented in the dia- 
gram of forces bv O F, = 1, we have 1*^525 : 5000 : : 1 : 2570 lbs., the horizontal stress of the 
frame. When the load is properly distributed, the necessary stays, GE, A 0, require but little 
strength ; without stays such a frame, however well balanced, would be unstable. 

Examples of Bridge* in which the adioM of oombined forces have been applied with more or less success. 
—The McGullum Inflexible Arched Truss Bridge approaches nearer the standard of perfection 
than anv other wooden bridges that have fallen under the editor's notice; this fact is easily esta- 
blished oy comparison and demonstration. 

Fig. 1369 is what is known as the Burr Bridge. It is composed of lower and upper chords, and 
posts and braces. The posts are framed into the chords, and the braces are framed into the posts. 
Arches are placed on each side of the truss, securely fastened thereto, and, extending below the 
lower chonb, abut against the masonry. This form of truss was extensivelv used throughout 
Europe and the United States previous to the introduction of railroads. Miuiy spans were of 
great length, and in cases where the arches were Iftixe, and the masonry sufficiently permanent, 
this bridge was comparatively successful. Much difSoulty was, however, experienced, by reason 
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of the absence of oounter-braces. A moving load produced a vibratory and trndnlating motion, 
tending to loosen the connection of the timbers, which generally resulted in failure. Many of the 
first railroad bridges, both in Europe and America^ were built upon this ^lan ; but much greater 
difficulty was found in adaptihg 

it to the use of railroads than had 1369. 

been previously experienced in 
its use upon common roads. This 
difficulty arose from, first, the 
practical impossibility of perfectly 
combining the action of the orch 
and the truss (each system, of it- 
self, being insufficient to carry 
the whole load) ; and, second, the 
absence of counter-braces. These 
defects, clearly apparent in their 
use on oonmion roads, were greatly 
aggravated under the increased 
and concentrated nature of the 
weight, and the rapid transit of trains on railroads. It is true they were obviated in part by add- 
ing largely to the amount of material in the structures ; but as the difficulty was inherent in the 
plan, violent contortions in shape could not be prevented, and these in time caused failures. These 
remarks are intended to apply to spans of considerable length, as experience has proved that plana 
of even an inferior grade may be measurably successful in spans of ordinary length; whereas 
nothing short of the most judicious distribution of material will ensure permanency in cases where 
long spans are indispensable, and any arrangement which can be maae permanent in the latter 
case must certainly prove so in the former. It \& worthy of remark here, that this particular com- 
bination of the arch with the truss is even now, with some, a favourite idea, but it is believed that 
its warmest advocates will be generally found among those whose opportunities for practical inves- 
tigations have been limited, and that it is only necessary that the question be properly presented 
to them, to produce a change of views in respect to it. This partiality for the combination of the 
arch and the truss is attributable partly to tne fact that the simple truss has in manv instances 
failed, and, as a last resort, the arch has been added, of such dimensions and strength as to be 
competent to carry the truss and load ; the truss serving only as a stiffener to the arch, while the 
latter, thrusting upon the masoniv, has sustained the whole weight. Besides, to the casual 
observer who has never studied bridge construction, this combination presents at least an appear- 
ance of great strength and solidity, which do not in fact exist. That the simple truss without the 
arch has failed in some instances is unquestionably true ; but while many of these failures have 
been caused from inattention to, or ignorance of, the laws regulating the composition and resolu- 
tion of forces, by far the greater number have arisen from the inferior quality, or lade of the 
requisite amount of material, or from inferior workmanship. The acknowledged ftiUure of the 
Bwr Truss, as applied to railroad purposes, led to the invention of several other plans, all of 
which were basea upon the abandonment of the arch, and were aimed at perfecting a truss, which 
of itself would be sufficient to meet the emergencies of the case. This was in pursuance of what 
was considered a very reasonable hypothesis, namely, that one system properly proportioned must 
prove much superior to anv method or arrangement in which the attempt was made to combine 
two distinct principles, in their nature heterogeneous. Among the most prominent plans presented 
to remedy existing defects was one invented by Stephen H. Long. This plan of bridge was com- 
posed of lower and upper chords, posts, and braces, similar in outline and general arrangements 
to the Burr Truss, but differing from it in detail. An efficient system of counter-braces was 
introduced ; these were made adjustable by wooden wedges, as were also the sustaining braces, 
by means of which any desirable elevation or deflection might be given to the truss. This plan of 
truss was rigid to a degree not previously attained ; and to such an extent was this true, that, 
when properly adjusted, no perceptible deflection was produced by the passage of the load. It 
was, however, found difficult to keep it in adjustment, in consequence of the great shrinkage of 
the wedges and other timbers of the truss. 

The bridge from which this example, Figs. 1370 to 1373, of Long's framing is taken oonsiBts 
of seven equal openings of 180 ft., measuring from centre to centre of the piers. The bottom 
string course is a beam built of six planks, each a foot in depth, four of the planks being 5 in. in 
breadth ; and the two outside planks each 4 in. When put together these planks form a beam 
12 in. in depth and 28 in. in breadth. The planks are bolted together by screw bolts, placed 
about 2 ft. apart and alternately near the top and bottom of the beam, as shown in the vertical 
section. Fig. 1372. Short wedges of wood are let into the bottom string to the deplii of about 
1 in., and into the sides of these wedges are mortised the ends of the diagonal braces, Fig. 1S7I. 
These diagonal braces abut against similar wedges which are let into the top string beam, 'nie 
top string consists of three lines of 8 in. square timber, placed with a small space between eadi, so as 
to make the whole breadth of the beam 28 in., the same as that of the lower string. The pieces 
composing this beam are bolted together at intervals of 7 ft. All the braces are 8 in. square, and 
the number of braces abutting on each block, both at the top and bottom string courses, is idways 
three, arranged two on one side and one on the other. Along the top string b^m are fixed short 
cross pieces, 5 in. bv 7 in., one above each of the abutting wedges. These cross pieces receive the 
tops of the vertical ties, which pass entirely through the framing fVom top to bottom, and are 
secured above the top string ancf below the bottom one bv screw-bolts and nuts. Similar cross 
pieces below the lower string receive the extremities of the vertical ties. Two of these vertical 
ties pass through each of the abutting wedges, so that for the two sides of the bridge there are 
four vertical ties in each length of 7 ft. The frames are connected at the top by cross beams, and 
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The inTentimi of what is known u the ffoae Bridge foUoirad. In this, u in Col. LonR'i bridge, 
the idm of oombininB ths arch with the tmsa wu oHginailx/ abandoned for reaaona heretofore given, 
and it wa« believed that this simpte form of tnua would prof e equal to any reasonable reqaire- 
ment. In the //ww Bridgt, the potta nsed in the Bnrr and Long bridge* are dl«penaad with, and 
iron rods inbetitatad, bv meane of whioh any deeirable oatnlitr may be giTen to the tnui, Urns 
oTerooming the practioal difBoolt* preTtouslj experienced in the luljoitment of Col. liong*! tnidge, 
by the lue of wMideD wedgei. Thle method of prodooing oamhtr ia certainly an iuproTement upon 
the means adopted in the Long Bridge for that poipoee, but is mnch inferior to the latter in Its 
method of oooater-braoing, in that they are not adjiutable, and perfona a ntgativf rather than a 
jwntiw duty. 



The Improved Burr TniBg, introdnoed by Thoraaa Steele, is nhown in eleration, Fig. 1S7* ; 
Fig. 1375 JB |nrt of the plan of the enme ; tad Figs. 1376, I'^tTT, the detail to ft larger scale of the 
tendoD-posU, braces, and counter-braces, npper and lower cliorda, Mid their iron faBteniogt. 





In thU method or combiniDg an uch vrith a trosiied 

rniRie the archeB are coonected with the teneioD-poBtB, 

and the jpostg with the chords b; screw faetcDings. aa ^ 

seen in Figs. 13TG, 1377: aud all is so arraDged oe to — 

admit of changing the position of the arches relatively 

to the chords, or of drawing together the chords without 

cbaDf-ing the position of the arches, and thus regulating 

and distributing the strain over the different parts of the 

bridge at pleasure. This Hdjusttncut must take place once 

or twice in each year until the timber bocomea perfectly 

seasoned; after whicb, in a well-conitracled bridge, but 

little attention will be required. Plates of iron shnuld 

in all cases be introduced between the abutting surfaces 

of the top chords and arches, and all poesible care taken 

to prevent two pieces of timber from ctuciug in oontacl, 

by which decay is hastened. Caro should also be takeu 

to obtain the curve of the parabola for the arches, as it is 

a curve of equilibrium and of greatest strength. 

The parabola is the curve of equilibrium when no load is upon the bridge, and also when the 

load is uniform ; but there can bo no curve of equilibrium for the variable load of ajasaing train. 
StiOnees can be secured in this case ouly by an efficient system of counler-biaeinR. The Improved 
Burr Truss, of Steele, Fig. 1374, presents an example of one of the systems to pniduoe the required 
stifiiiess. 

Bridges constructed on this plan will be found to possess an nnnsual amonnt of strength for 
the quantity of material contained in them, and, if well built and protected, great durabilitv. 

The following are the points to be attended to in erecting one of these bridges, aa given by the 
inventor in Haupt'a Treatise on Bridges: — The truss must first be raised, provided with suit- 
able cast-iron ekew-backs to receive the braces and tension-posts; and the several parts of the 
chorda should be connected with cast-iron gibs, Wedging under the counter-braces must be 
avoided by extending the distance between the lop skew-backs sufficiently to bring the tension- 
posts 'on the radii of the curve of camber of the bridge. The tension-posts must be about 8 in. 
shorter tbau the distance between the chords ; and in screwing up the truss care must be taken 
not to bring their ends in contact with the chords ; but they must be equidistant, and abont 4 in. 
from them. When the tmss is thus finished it must be thrown on its final bearings; and it is 
then ready to receive the arches which should bo constructed on the curve of the parabola, with 
the oidinates so calculated as to be measured along the central line of the tension-posts. They 
must be firmly fastened to the poets and bottom chords by means of strong screw-lnlts and con- 
nectiug-platee, as shown at d d, and should abut on the masonry some distance below the tnus, 
which can be efiocted with safety, as the attachment to the posts and chords will relieve the 
masonry of much of their horizontal thmal. Wlien a bridge thus constructed is put into use. it 
will be found that, as the timber becomes seasoned, the weight will be gradually thrown upon the 
arches, which will ultimately bear an undue portion of the load. To avoid this, the caralw must 
be restored and the poets moved np, so as a^in to divide the strain belweeo the truss Emd the 
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The Mwv Bridge it composed of lower and npper ehonis, brafiei, and oounter-braces, verticd 
md«, and caat-iion bearing-blocii. The bmces abut OQ the beariitg-ilocki, which pais Ihrough the 
rhorOB in such a miinner ae to permit the rods to bear directly Dpon them. Spans or considerable 
length were built upon this plan, but Experience proved that even this truaa— tike all others— had 
its limit, beyond which it could not be safely eiteuded. 

In the pmgress of railmud unterprisea, in order to Bave large eipenditurcs of money for 
masonry, longer spaas than bad been previouEily used became desirable, and in certam locntions 
absolutely indispensable: besides this, locomotives were largely increased in weight, to meet the 
demaads of traffic, and furnish a more eoonomical mode of workini; ; and thus arose the neceseily 
for the adoption of some other expedient to meet the increased requirements of bridges. Ab all 
had been done by way of improving this truss that mechanical skill could devise, and which an 
extensive practice had amply aflbrded, it became evident that some radical change must be made 
in its arrangement, to enable it to meet the exigencies of the case. In this emergency the arch, 
heretofore condemned in the Burr Tr^iss, was ai^in resorted to ; for it had been proved, from the 
experience which its nse in that truss bad afforded, that an arch of sufficient size, abutting against 
permaneiil masonry, would place the truss in a position of secondary importance. 

It wiU be observed that the arch of the Burr Bridge, Fig. 13<i9, abuts upon the masonry in 
precisely the same manner as the arch of what is denominated the Improatd Htme Tnai, Fig. 1376, 
and the difference between the two 
TODsists simply in the mode of con- 
nection with the truBB, and not in 
any change of priiiciple or method of 

It will be seen that the Burr Arob 
is securely fastened to the posts and 
braces of the trass, forming a solid 
adjustable mass. In Fig. 1378 the : 
arches are not fastened to the braces -_ 
or rods, but have an independent cc 
nection with the lower chord of the - 
truss, bj means of rods radiating from 
the former to the latter. B^ tbis metliad it was sappoeed that any desirable adjustment oould 
be effected, and that the strain could be put npon either system, or equally upon each. 

This new arrangement, although plausible in theory, is found impossible in praotioe, foe the 
rollowinereasons : — 

Ist The rods from the arch to the lower chord are of various lengths, oonseqaentty the 
contractions and expansions must vary proportionately. 

2Dd. Not a single rod in the arch is of the same length as those in the tnus, hence the 
expansion and contraction of the rods in the truss will vary from that in each, and all the rods 
connecting the arch vrith the lower chord. 

3rd. This combination is exceedingly liable to maltreatment from the careless or ignorant. 

4th. And even if it were everything in practice that is claimed for it in theory (which is not 
the fact), it involves a constant expenditure for adjustment, which must continue during the 
existence of the bridge itself. 

The Burr Truss, Fig. 1369, with all its defects, can be mnde mperior hy far to the Imprmtd Rout 
Trutj, Fig. 1378. For, in the former, there may sometimes be a yielding and compression between 
the parts of the truss and those of the arob, producing a certain decree of united action ; while in 
the ilowe Truss everything depends apon the length of the tods, which most always change with 
the temperature, and thus render an approach even to perfect adjustment a matter of extreme 
delicacy. But, in either Fig. 1369 or Fig. 1378, it is clearly evident that, in order to have a structure 
absolutely safe, the arch and the truss—each of itself, iudepeodently of the other — should be of 
sufficient strength to sustain the whole load, that the strain may be borne alternately by each 
separate syatem. 

Pig. 1379 shows an elevation of a bridge erected upon Howe's plan over Sherman's Creek, on 




the Peniisylvuiia Central Railroad. Fig. 1380 is a plan, and Fig. I3B1 a vertical section. The 
bridge has two spans, each HS ft. 3 in. fnnn end to end of the bow, or 154 ft. <> in, from the 
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ftod braces. It is oonnter-brsced by roda of 1 in. iron between the bntoei. 
The panels iocreaM in width rrom the end towards the middle of the 
span. The Qret penels are 9 ft. 1^ in. front centre to centre of posts, 
and the middle ones 12 R. H in. 

Id order to simplify and make cleai the real points of diSerence 
existing in the oombinationi of the varioas plana of truBses of the same 
general outline, it may be stated that the material composing any bridi/t 
(ruM, whether of wood or iron, or of both, is aubjeeted either lo teiuiun or (Arujf, and it is apan 
the proper applicatioD of these elements, together with a judicious distribution of the material, 
rather than upon any difference in detail that the perfection of any bridge structure depends ; 
this may be illustrated by reference to Figs. 1382 lo 1385. 

Fig. 1382 is the truss of the Burr Bridge : in this the upper chord and braces are acted npon 
by thrust, and the lower chord and posts by tension. 

Fig. 13B3 is the Howe Truss, without the coanter-braces : in this also the upper chord and 
bracea are subjected to thrust, and the lower chord and vertical rods are acted upon by tension. 

Fig. 1384 is a plan of truss sometimes used, the counter-rods being omitted; in this the upper 
chord aud vertical struts are subjected to thrusts, and the lower chonls and diagonal rods are 
acted upoD by tension. 
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Upon a comparison of these pUns it will be discovered that the variatiana between the Bdit 
Trues, Fig. 1382, and the Howe Truss, Fig. 1383, cousist in the use of vertical rods and bearing- 
blooke in the latter, instead of vertical posts In the former, both having precisely the same duty 
to perfom. It will also be seen that Fig. 1384 varies from Fig. 1383, in that the rode ore placed 
diagonally instead of vertically, changing the element of throst from the diagonal braces in the 
latter to the vertical struts in the former, aud transferring the element of tension from the vertical 
to the diagonal lioe. 

Much importance Is sometimes attached to just such modifications is detail as exist in 

, . _ "^ige-l 

built, one oo each plan, of equal length and height of 

□d kind of materisJ in chords and braces, and of equal 

details and workmanehip, when it was found that the real difference in strength was 

add, that any given amoont placed upon each, in prof^eas of 



nnappreoiabli . , , „ . . . . _ 

the experimeota, presented precisely the same chaiactcristics and contortions in shape, ontil final 
fkilnre took place. All bridges having their chords parallel, irrespective of the particular method 
adopted in combining them, and r^^rdless of the amount of material used in their .-•j — 
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when loaded to nearly the point of fracture, present somewhat the same appearance, the greatest 
deflection being invariably at points near the abutments. This will be understood by tne statement, 
that the vertical strain is increased, as the distance from the centre, to the ends of the truss ; at 
the centre the vertical strain is nothing, and at each end of the truss it is equal to one-half the 
weight of the structure and its load. 

In point of strength, the arrangements, Figs. 1S82 to 1384, are not superior to the simple 
combination. Fig. 1385. 

All bridges having their chords parallel exhibit the same uniformity of action, and may be 
illustrated by reference to Fig. 1386, in which A A is the upper chord; BB, the lower chord; 
G C, tension-rods ; D D, braces. 

When a sufficient weight is applied to any truss of this outline, to cause deflection below the 
straight line, the upper ends of the braces, D D, are made to approach each other, and the distance 
between the ends is diminished ; and as the deflection increases, the upper ends of the braces, D D, 
will describe arcs, a 6, of a circle downwards^ the radius of which being the length of the braces, 
DD. But when the upper chord is arched, as in Fig. 1387, a sufficient weight will cause the 
braces, DD, to describe an arc upwards^ represented by cd^ Fig. 1387. When the chord, ce, 
becomes straight, the arc will then be described downwards, as shown in Fig. 1886. As an 
illustration of the McCallum Inflexible Arched TVum, see Fig. 1388, in which A A is the lower 
chord ; B B,*the upper chord ; C C, tension-rods; D D, braces ; £ E, struts ; and W, weight. 
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Upon an inspection of this figure, it will be seen that any deflection produced upon the centre 
of the arch, by means of the weight W, will cause the points BB to separate, by thrusting 
<mtward, and in the direction of the ends of the truss, producing an upward movement of the 
upper chord, at the ends of the braces D D, the latter describing arcs of a circle upward, and from 
thence will be communicated, by means of the tension-rods G C, to the centre of the lower chord, 
raising the latter at the point where the rods, GG, meet. By removing the weight W, and 
inserting a vertical strut at F, the upward movement of the chords will be arrested by the 
weight W. This peculiar action may be described as follows : — 

Any deflection produced in the centre of the arch will cause an outward and, consequently, an 
upward force at the upper ends of the braces, which, by means of the tension-rods and strut, is 
transferred directly back to the under-side of the arch, producing an upward force at the latter 
point, equal to the original downward force applied on top of we same. This combination of 
forces is in agreement with a well-known law, namely, when two forces of equal powers of resistance 
are opposed to each other, a state of rest is produced. 

For a further illustration of the action of this truss, see Fig. 1389, in which A A are pieces of 
the lower chord, the centre being removed ; B B, upper chorc^ deflected by the weight w. G G 
are braces which pass through the lower chord and rest upon the masonry. D D are tension-rods. 
It will be seen that the ends of the pieces of the lower chord at £ £ are raised considerably above 
a horizontal line. This upward tendencv will continue 
until the upper chord between B B is deflected below 
a straight line, when the action will be reversed. 

Fig. 1390 exhibits the forces at a state of rest, in 
which A A are portions of the lower chord ; B B, upper 
chord ; G G, arch-braces, which pass through the lower 
chord, and rest in the masonry; D D, tension-rods; 
£ E, braces ; W, weight. It will be seen that the strain 
produced by the weight W is transferred to the lower 
chord by means of thrust upon the braces £ £, to the 
points F F, and, by means of tension on the rods D D, 
to the points B B, and from thence it is brought upon 
the arch-braces G G, which rest upon the masonry. In this manner a perfect equilibrium of forces 
is effected, as it is evident that the point G cannot change position, unless the points B B are thrust 
outward towards the ends of the truss, which must raise these points, this being prevented by the 
strain upon the points F F, communicated by the weight W, tnrough the braces E R 

For a full plan of McGallimi's Inflexible Arched IVuss the reader is referred to Figs. 1391 to 
1395. Upon inspection, it will be oboerved that the sustaining principle is very much increased 
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toward the ends of the tnus, not only by the addition to the amount of material at these points, but 
it will be seen also that the panels become shorter as the vertical strain increases. The poets are 
placed npon lines radiating with the arch ; the braces form equal angles with the posts ; and in 
this way the latter are made to approach more nearly together toward the ends of the truss. The 
student has already had sufficient evidence of the great strength of this form of truss, and it has 
also been shown that the tensile strain upon the lower chord is much less than in any other known 
plan. In fact, the latter may be entirely severed, and the structure will still be competent to 
sustain a heavy load. In this, it differs from all other combinations. 

In Fig. 1394, U is the upper chord; S, straining beam; A, arch-brace; M, main-brace; 
C, counter-brace. 

Upon referring to Fig. 1891, which represents a clear span of 180 feet, it will be seen that the 
arch-braces which rest upon the abutments are extended to points on the arch about 47 ft. from 
the abutments. From the top of each set of arch-braces, running diagonally on each side of the 
truss, are placed heavy suspension-rods, which are connected with the lower chords 12 ft. farther 
from the masonry. Thus the bridge seat is substantially transferred to a point 47 ft. towards the 
centre of the bridge, reducing a span of 180 to 86 ft., so far as the tensile strain upon the lower 
chord is concerned. For this intermediate space of 86 ft., the aroh-beam is of sufficient strength 
to sustain the whole load, if required. Strength, however, is not all that is required, for a railroad 
bridge especially, subject as it is to a moving load ; there must also be rigiditt/y stiffness, and freedom 
from vibration. A bridge may be strong yet flexible, rigid yet weak ; in fact, flexibility is incom- 
patible with durability ; the structure should be prepared at all times to receive its load, and should 
not be permitted to change shape in the slightest degree by its passage over it. To produce this 
result, an effective system of counter-braces is indispensable. 

The proper office of counter-braces is frequently misunderstood, as is evident from the manner 
of their application in many cases in which they are used as check^races only, having a negative 
rather than a positive action ; this may be readily shown. When the load is applied, the truss is 
deflected in consequence of the yielding of the braces; tiiis has the effect of shortening the 
diagonals in the direction of their length, while the diagonals in the direction of the counter- 
braces are correspondingly lengthened ; this will leave a space between the ends of the latter, and 
the hearing-block in the lower chord. When the truss is in this condition, if wedges are inserted 
between the ends of the counter-braces and the lower chord, in such a manner as to fill up the 
whole space, it is evident that the weight may be removed without at all affecting the shape of 
the truss, the deflection originally produced by the weight being maintained by the counter-braces, 
the strain upon the sustaining braces and other portions of the truss remaining precisely the same 
as when the weight was suspended. 

Now suppose the original weight to have been 200 tons, it is evident that, as soon as it is 
removed, each counter-brace will be subjected to an upward thrust, easily found from its position ; 
the sum of all the thrusts making 200 tons. Now let there be a smaller load applied, this load 
will not produce any additional strain upon any portion of the truss, nor will the deflection be 
increased in the slightest degree ; the only effect produced by suspending the latter weight will 
be the relief of the counter-braces, equal to the difference between the first and second weights. 

The inventor has found it very difficult to explain this clearly in the course of conversation 
with some individuals, from the fact that rceight and strain were confounded. Now it is true, when 
the original weight was applied of 200 tons, the abutments were loaded with just 200 tons more 
than previously, and the truss was also loaded with 10 tons more ; but when the wedges were 
driven, and the weight removed, whUe the abutments were relieved of 200 tons pressure, the truss 
still retained the original strain produced, the weight being required to produce the strain, the 
latter remaining after the former has been removed. 

In order to make a practical application of the above, the following method of adjusting the 
Inflexible Arched Truss is submitted. When these bridges are raised, it is usual to load them with 
a train of locomotive engines, attached closely to each other, and that greater weight may be 
obtained, the tenders are sometimes detached, and the bridge covered with engines only ; with 
this load, the latter is strained down to a perfect bearing in all its parts ; by this means the whole 
structure is more or leas deflected, while the counter-braces are hanging loosely in their places ; 
if, therefore, when the bridge is in this condition with its load, the counter-braces could be 
lengthened with considerable force, it would not recover its original shape upon removal of the 
load, but would be held down by the action of the counter-braces to very nearly the same position 
as when loaded. In this plan of bridge, the lower ends of the counter-braces rest in iron stirrups, 
which are attached to the vertical ties or posts at a point near the lower chord by means of 
castings and nuts, by which they may be lengthened several inches ; in this manner they are 
made to perform a positive duty. When the bridge is adjusted as above, it is clear that a less load 
than that originally applied cannot produce any deflection whatever; the only effect of the 
passage of a train over it will be to relieve the counter-braces, and will not add a pound pressure 
upon any timber of the trusses. 

In the arrangement of any bridge truss the attainment of the following requisites is desirable : — 

1st. Such equilibrium of forces as will produce uniformity of action. 

2nd. Such quantity and distribution of material as will ensure a large surplus of sustaining 
principle, thereby guarding the structure against accident, 

3rd. Perfect rigidity, that the combination in all its parts may have permanency equal to the 
durability of the nuiterial com])osing the same. 

4th. The arrangement of the parts should be such as to be free, if possible, from the necessity 
of adjustment. 

The McGallum Inflexible Arched Truss meets all these requirements. 

Problem.— Lei it be required to find the equal weights te, w, Fig. 1396, kept in a state of rest 
by a single weight, W, which has caused the arc <7 G a to assume the chord j? D 6, the rigidity of 
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the arc being neglected. Let B = the radius of the arc 9 a, and pnt 2 c = its length ; then the 
chord q a and versine C D are readily calculated. Let the chord q a=z 2d, and G D = 2 « . 
Let/=A9 = Ap = Ba = Bb and g = Bn =z Bm =^ A s = Ar. Also let A B r= 2 A 

= h — df — — = cos. Bf putting B for the 

angle aBn = q As, 

2 A — 2c 

= A — c, 2A«2o = AB— J9&. 

.*. ^ — = angle aB6 = nBm = sAr. 
.'. mn = g sin. (^ — 6). 

Then, according to the principle of work, 2g sin. (^ — fl) w = 2 e W. .*. w = r* — •'k 

Let AB = 2 A = 188 ft.; the length of the arc 9 G a = the straight linej:>D 6 = 2 6 = 136ft.; 
B = 200ft.; mB = y = 60ft.; 6B=/=50ft. 

It will be found that the arc 9 G a before being disturbed contains 38" 57' 40"; the versine of 
this arc = 11 *449 ft. = 2 ; the chord = 133*39576 ft. = 2d. 

^-^ = • 5460424 = COS. 56° 54' 15*' ; («). ^-? = • 5200000 = cos. 58° 40' 4" ; (♦). 

.-. t^ - « = 1° 45' 49". 

6 5 * 7245 

/. — ; — 7 rr = ^^ . ,^nA^,A^^r. = 3-100092. .\ w = more than 3 times W. 

g sin. (^ - B) 60 sin. (1° 45' 49") 

Gonsequently, the weight W before reducing the arc 9 G a to the straight line pDb must raise 

more than six times its own weight if posited at s and n. 

DeacriptUm of an Iron Bridge, in which the Forces are loeil combined to meet the demands of Railway 
Traffic. — The bridge we now propose to describe is one belonging to a system of bridge-building 
introduced by Wendel Bollman ; it was erected at Harper's Ferry, U.S., the practical working ^ 
wbich was carefully observed bv the editor of the present work. This iron suspension truraed 
bridge was 124 ft. between the abutments. The length of the cast iron in the stretcher was 128 ft 
The weight of the cast iron, 65,137 lbs. ; weight of wrought iron, 33,527 lbs. ; making the total 
weight of cast and wrought iron, 98,664 lbs. 

Fig. 1398 is an elevation of part of the side, showing one pier and part of the cast-iron stretcher. 
The cap is removed from the pier to show how the rods aro secured. 

Fig. 1397 is an elevation of both piers and of the eight panels of which the bridge is composed. 
The system of arranging the braces and connecting-rods is exhibited in this figuro. 

Fig. 1401 is a cross-section, showing the floor-bracing and the position of the rails. Fig. 1401 
also shows, in section, the roof and posts. 

Fig. 1400 shows a plan of the flooring of the bridge, the positions of the rails, and floor-bracing. 

Fig. 1399 shows two posts, part of the stretcher, and the diagonal rods in one of the panels. 

The wrought iron requires little wortonanship, the rods from the centre to abutments having 
but an eye at one and a screw at the other end ; with a weld or two between, according to length. 
The long coimter-rods have two knuckles and one swivel for adjustment of strain, and convenience 
in welding, as well as in raising the whole. 

The cast-iron stretcher is octagonal without, circular within, and averages 1 in. of metal. It 
is cast in lengths according to the length of panel, and jointed in the simplest manner, — at one 
end of each length is a tenon, at the other a socket. The latter is bored out, and the tenon and 
its shoulder turned oif in a lathe to flt the socket ; thus, when thoroughly joined, to form one con- 
tinuous pipe between abutments. The ends of the sections of cylinders, inserted into those 
contiguous, are slightly rounded, to allow a small angular movement without risk of joint fracture. 
A cast-iron plate or washer sets on a bracket cast with each abutment end of stretcher, and at 
right angles to the centre acting-rods. The tension-bars are passed through this washer to receive 
a screw-nut for the erection and adjustment of the system. The stretcher or straining beam, the 
vertical posts, and suspension-bars, compose the essential features of the bridge ; each post being 
hung by two bars from both ends of the stretcher independently of all the others ; and each post 
and pair of tension-bars forming with the stretcher a separate truss. This system, perfect in 
itself, is additionallv connected by diagonal rods in each panel ; also by light hollow castings, 
acting as struts. The diagonal side rods might be safely dispensed with ; for the peculiar merit 
of the truss is its perfect independence of such provision. They are therefore used as a safeguard 
only in case of the f^acturo of any of the principal suspension-rods. 

By this combination of cast and wrought iron, the former is in a state of compression, the latter 
in that of tension ; the proper condition of the two metals. It unites the principles of the Suspension 
and of the Truss bridges. Each bar performs its own part in supporting the load in proportion to its 
distance from the abutment ; so that the entire series of suspending-rods transmits the same tension 
to the poiats of support as would be equally transmitted from thence to the centra of the bridge. 

This bridge, it will be seen, is composed of seven independent trusses, which -transfer the 
weight concentrated on each floor beam directly to the abutments, without aid from any other 
connection ; and not from panel to panel, as in general use. The strain on cast and wrought iron 
is wholly in direct line ; and the result, the least quantity of metal is required to carry a given 
weight. The weight of bridge and load has a vertical pressure on the piers, towers, &c., the only 
horizontal thrust being from the expansion of iron, whi<m may be accommodated by rollers, sliding 
on an abutment bracket placed over the pedestal, or by other means : the neceesaiy HiTnAT>M«nQ of 
masonry therefore become moderate. 
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It is OYident, from an inspection of the cuts, that no chord is requisite at the bottom of the 
truss to resist tension ; the only advantage of that employed is to regidate the movement produced 
by expansion, in the performance of which agency the resistance is one to compression. Although 
the aoutment-bracket casting and its pedestal were so constructed as to admit of accommodation 
to expansion, by rollers, yet such contrivance was omitted with the view of fully testing the effect 
of greatest expansion throughout the system. 

This bridge was inspected by the writer, ten months after it was erected at Harper's Ferry ; 
during which time it had been exposed to extremes of cold and heat, and to an average run of 
twenty trains daily. From the closest inspection, we find that the extreme expansion measures, 
as near as possible, -j^ in. on each tower, or | in. in the entire length, 128 ft. of stretcher ; and without 
the slightest perceptible derangement of masonry ; the dimensions of which are 4 ft. square of base, 
12 ft. high, and 2 ft. 9 in. at top. 

While on the subject of expansion, it may be well to notice the effect from difference in 
expansion of the rods. At the first point of suspension, or where the longest and shortest rods 
meet, the counter-rod is about four and a half times longer than the acting-rod ; and the expansion 
of the coimter is four and a half times that of the acting-rod. But there is also a proportionate 
difference in the lengths of stretcher from the point directly over the centre of connection to the 
extremities of these rods. This has been practically proved in this bridge. The suspender bolt, 
when the expansion is extreme or 4 in. in length of stretcher, exhibits a motive difference of 
^ in. toward the short or acting rod; which difference is provided for, as seen by slot, dotted in 
elevation, where the vertical suspender bolt moves to accommodate any such difference, and to 
give that proportion of weight to each rod according to the angle. It affords easy access for 
repairs ; for instance, should a new fioor beam be requir^, it is but needed to slacken the horizontal 
rod and the keys in longitudinal strut, remove the washer under point of suspension, and let down 
the beam to be replaced : which can be done without trestling up any part of the bridge. In case 
of fire, the floor may be entirely consumed without any injury to the side truss. 

The permanent principle in bridge-building, sustained throughout this mode of structure, and 
in which there is such gain in competition with every other, namely, the direct transfer of weight 
to the abutments, renders the calculation simple, the expense certain, and facilitates the erection 
of secure, economical, and durable structures. 

Details. — Resistance of cast-iron stretcher G H to compression, 177,511 lbs., or 4930 lbs. the 
sq. in. Half weight of bridge and load : weight of iron, 24,000 lbs. ; weight of wood, 15,000 lbs. ; 
weight of load, 184,000 lbs. ; momentum, 25,000 lbs. = 248,000 lbs.. 

* Size of Acting-rods. 

No. 1 section of iron 2*46 = 2 bars 1} x 4 I Xo. 3 section of iion 3*97 = 2 bars 2x1 
No. 2 „ „ 3-31=2 „ l|xl I No. 4 „ „ 431 = 2 „ 2^x1 

Strain on Acting-rods, 

26761*8 X 25 
A A ; No. 1, = 39355 lbs. strain. 

A r ^T o 23007-8 X 38 ,^^„, ,^ 
A A ; No. 2, —= = 49674 lbs. 

A / ; No. 3, — = 55623 lbs. 

lo 



>» 



't 



„ . 15500 X 67 ^^,„o,i 

^^' *» T^Tk— = 56136 lbs. „ 

Weight on Acting-rods. 

No. 1, 31,000 - 4,238-2 = 26,761-8. 
„ 2, 31,000- 7,992-2 = 23,007*8. 
„ 3, 31,000 - 11,745-9 = 19,254 1. 

Valtte of Iron in Acting-rods. 

jj . f 16,000 the sq. in. ; 2 rods 7 in. diameter, length 23 ft. 2 in. 
"^- *' \ 2 bars i X IJ in. diameter, 25 ft. 3 in. length. 
No. 2, 15,000 the sq. in. ; 2 bars 7 in. x If in. diameter, 38 ft. length. 
No. 3, 14,000 the sq. in. ; 2 bars 7 in. x 2 in., length 52 ft. 5 in. 

Size of Counter-rods, 

Ag; No. 1 section of iron 2*5 = 2 bars 1-| X f. 
A/: No. 2 „ „ 3-9 = 2 „ 2 X 1. 

Ae; No. 3 „ „ 4*5 = 2 „ 2^x1. 

Strain on Counter-rods, \ Weight on Counter-rods, 

^ ^ 4238-2x112 ^-^-„,, , . I ., , 31000x17-5 ,^^, „ 
No. 1, :^^ = 25712 lbs. strain. No. 1, — = 4238 2. 

T^ _ 7992-2x97 .on^jn ii, ' XT o 31000x33 „^^ ^ 

No. 2, — =43069 lbs. „ , No. 2, — = 7992*2. 

... ^ 11745-9 x 82 ^.,,„„ „ ^^ ^ 31000 x 48*5 

No. 3, —7^ = 5O037 lbs. „ No. 3, ,^^ = 11745*9. 

1 / ») iZo 
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Value of Iron in Counter-rods. 

No. 1, 10,000 the sq. in. ; 2 bare 1 X If, length 112 ft. 7 in. 
No. 2, 11,000 the sq. in, ; 2 bare 1 x 2,' „ 97 ft. 4 in. 
No. 3, 12,000 the sq. in. ; 2 bare 1 x 2}, ,, 82 ft. If in. 



it ; before the weight is placed on the beam 



140aL 



Value of iron in connter-rod o, 18,000 the sq. in. ; 2 bare 1 x 2>, length 66 ft. 11 in. Length of 

248000 
posts, 15 ft. ; diameter of poets, 6 in. ; weight on each post, — r — = 31000 lbs. Diagonal braces, 

o 

1 in. diameter, 22 ft. 9 in. in length. 

Triai made on the 1st day of June^ 1852, to prove the Capahility of this Bridge. — Three first-class 
tonnage engines, with three tendere, were firet carefully weighed, and then run upon the bridge, 
at the same time nearly covering its whole length, and weighing in the aggregate 273,550 lbs., or 
136^^ tons nett, being oyer a ton for each foot in length of the bridge. This ourden was tried at 
about eight miles an hour, and the deflections, according to gauges properly set and reliable in 
their action, were at centre poet If", and at the flret post from abutment -^ of an in. From this 
test it is found that the load did not cover the entire length of bridge by about 13 ft., yet the excess 
of weight in the middle, and at a speed of about eight miles an hour, produced no greater deflec- 
tion than If of an in. at the centre post, and ^ of an in. at the firat point from abutment. 

Before proceeding farther, it is necessary to point out some serious mistakes made by experi- 
mentere and writere on the strength of materials. When discussing the strength of girdore resting 
on supports, the editor of the present work, in his new theory of the strength of materials, firet 
pointed out fallacies involved through introducing an imaginary line, termed the neutral axis, 
and merely investigating the upright laminfe of the material. We do not propose to discuss this 
subject thoroughly here, but to show how errore may be involved when tne strength of girdere 
is considered with respect to forces supposed to act only in parallel upright planes. See * Civil 
Engineer and Architect's Journal,' June, 1846. 

If a beam, Q B, Fig. 1402, rests loosely on two supports, A and B, and is loaded in the 
middle with a weight, W, which deflecte 
ab = pq=cd', and «/= r«=nm; but when 
the beam is deflected hyW,pqia greater 
than aboTcd, and r s is less than either ef 
or mn. Before the beam is loaded it is sup- 
posed to be rectangular ; in most cases this 
change of form may be detected bv expe- 
riment. Although the nature of the ma- 
terial and amount of pressure mav render 
this change of form imperceptible, yet 
thftse forces acting across the girder, in 
the directions of />gr«, are in operation, 
loosening bolts, buckling and puckering 
upright sheets, and so on. This action 
should be carefully attended to by engi- 
neere in constructing girdere, whether solid, hollow, or composed of skeleton frames. 

The material at r 9 is wire-drawn and compressed, while at p ^ the material becomes upset, 
extended, and loosened, according to the elastic limit and nature of the girder. The current 
erroneous theory of the strength of materials supposes, when the beam is bent by a weight, W, the 
fibres are compressed aipq and extended at r s, without alteration of breadth ; that i»,pq remains 
= a 6 or c </, and also = rs or ef. A portion of the body will often be forced out near the line p q ; 
but when the substance supporting the weight is tough, the separation may take place irregularly 
and diagonally, with a sliding cutting motion, and not directly through the plane pqrs, in the 
middle. 

Stone Bridges. — ^The art of constructing stone bridges has always been and still is as much the 
domain of practice as of theory. The long and intricate calculations which it is necessary to go 
through in determining the principal dimensions of a stone bridge, though these calculations are 
always, with a wise precaution, subordinated to practice ; the little time which those upon whom 
the guidance of engineering works devolves have to devote to the calculations, and the dispatch 
with which projects have to be designed and executed ; and other considerations affecting skilful 
buildere who, for want of time or opportunity, have failed to gain sufiiciont theoretical knowledge, 
the absence of which might be compensated for by their long practice aided by a few simple and precise 
principles— all this has induced Edmond Boy, the experienced French engineer, to compress into 
a few pages some practical information and formulss, into which enter only the simplest elements 
of aritnmetio and geometry, and by means of which may be readily determined the dimensions of 
aqueducts, bridges, viaducts, and retaining walls. 

Before proceeding further, we give this practical epitome of Boy : it speaks for itself. 

EmFIBICAL FoRMULJS SERVTNO 'TO DETERMINE THE PRINCIPAL DIMENSIONS OF BRIDGES IN MaSONRY 

OF Semicircular, Elliptical, Segmental, and Gothic Forms. 

Depth of Masonry at the Crown and Form of the Curve of the Intrados. — Up to the present time 
the greater number of empirical formuln giving the depth of masonry at the crown determine this 
depth In consideration of the span alone. In this way a bridge having a semicircular or an ellip- 
tical arch, even if the latter be depressed to the degree of t^, ought, in accordance with these 
formula, to possess an equal depth at the crown. Such are the formulie of Perronet, of Gauthey, 
and of Bondelet. 

These formulsB appear to us defective ; in proof of which we might point out the great difference 
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which exists between the dimensions of the masterpieces of the celebrated Perronet and those whidi 
they would have had if his formula had been applied. 

In determining the thickness at the crown, we ought evidently to take into consideration : — 

1. The span of the arch. 

2. The degree of depression. 

The greatest radius of the curve of the intrados and the magnitude of the arc of the intrados 
alone corresponding with these two conditions, the depth at the crown in segmental bridges must 
be determined by the former of these two quantities or by the two oombine£ It is also obvious 
that the lateral thrust upon the abutments with the depression given to the arch, and the dimensions 
of the abutments at the springing, will therefore be determined by the radii of the curves of the 
intrados. All other dimensions wUl follow, generally, from the depth at the crown. 

Signification of the Letters employed in the FormukB. 
Q = the span of the arch. 

B = the longest radius serving to determine the depth at the crown. 
F = the rise, or distance between the level of the impost and the summit of the intrados. 
G = the depth at the crown. 

Semicircular Arches. 

We have ^^Q. .^ 



F = R = 



2 

Q_ 

2 



General values / C = 030 + 007 R ; 
general values .. | q ^ q.^ ^ qOS. 



Formula [3] is applied by us to any span, with ordinary materials. 

Formula [4 J is applicable to cases in which materials of feeble resistance are employed, such aa 
certain kinds of freestone. The dimensions denoted by this formula are not excessive for spans of 
less than 12 or 15 metres, and it may with propriety be employed. 

Arches heavily banked. — In the case of arches supporting thick masses of embankment, it will be 
necessary to add to the depth at the crown in the proportion of ' 02 for each metre of embankment 
above the extrados. 

Elliptical Arches, — In the elliptical arch the radius of the upper segment, which is the longest 
radius, may, in accordance with the various conditions according to which we wish to construct the 
curve of the arch, have many dimensions for the same span and the same rise. We shall therefore, 
in order to have a uniform formula for elliptical arches, always consider as a basis of calculation 
that the curve is of 3 centres only, with segments of 60°. It will not, however, be necessary 
always to construct the curve of the intrados with 3 centres ; it may be of 3, 5, 7, or 9, as may be 
deemed expedient ; we have chosen 3 merely as a uniform basis of calculation. It is plain that a 
curve of 5, 7, or 9 centres, substituted for one of 3 which has served as a basis of calculation, must 
have the same rise as the latter. Our opinion is that the curve of 3 centres should never be 
employed, as it must of necessity be angular. 

2. The mode of calculation which we have adopted fixes a priori the utmost limit of depression 
which it is proper to give to elliptical arches, and consequently indicates the moment when we 
should begin to employ the segment. 

The general value of B in cases of curves with 3 centres, the arcs of which are of 60°, is 

B = Q X 1183 - 1-366 F. [5] 

Let r represent the radius of the lesser arcs, then r = Q — B [6]. If we make F = 0* 134 

Q 
X Qor-7|^,wehave B = Q x 1-183 -1-366 x 0134 x Q; whence B = Q x 1, and 

r = Q - B = 0. 

This result agrees with the geometrical principle, that the chord of an arc of 60° is equal to the 
radius. 

Thus, according to our principles, the employment of arches of the elliptical form is limited 

Q 

between F = } Q and F = -^ . 

On the other hand, if we compare the section of the ellipse, Fig. 1407, which is depressed 
F 
to -^ = 0-20 with the segment of 60° or 0*134 x Q = F, drawn in a dotted Une near it, we shall 

see that the aperture, or vent, which would result from the emplo3rment of each of these two 
curves would be the same, or nearly so ; the difference will be still less on comparing the segment 
before mentioned with the curve of Fig. 1404. In this latter case it is indeed nothing. Practically, 
then, there would be no advantage whatever in employing an elliptical arch having a rise of less 
than ^ of the span, because in such a case we should have a curve too much depressed at the 
summit, and because this ellipse might be advantageously replaced by a segment with a rise 

of —7— affording a vent equal to that of the eUipse. 

In practice elliptical arches having a rise of less than ^ of the span have never been employed. 
General Values of the Elements serving to determine the depth at the crown of elliptical arcnes : — 

B = X 1-183- 1-366F: 

C =0-30 + 005 B. [7] 

Plan of Curves fcith several Cpnires.—Jjei A B, Fig. 1403, be the span of the aroh, and I F the 
perpendicular on the middle of A B = the rise. 
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are to be centres, 
half-circumference and 



Describe the half-circumference A F' B with } A B for a radius. 

Divide the half-circumference A F' B into as man^ equal parts as there 

Produce the perpendicular I F as far as F', the pomt where it cuts the 
diyides the top segment into two equal parts. 

Draw the chords B 1, 1 2, 2 F', F' 3, 8 4, 4 A. Take upon A B anj two points r, at equal 
distances from the extremities A and B, which will be the centres of the first arc of the curve and 
the radius of which will be B r. Through the point r draw ro parallel to the radius 1 1, which 
will cut the chord B 1 in o and B o, and be the chord of the first arc. Through the point o draw op 
parallel to the chord 1 2 ; through the point F draw Fp parallel to the chord 2 F': the point of 
intersection p of the latter two parallels will determine the chord op of the second arc and the 
chord /> F of the half arc of the sunmiit. Through the point p drawing p R parallel to 1 2, which 
will cut in r the radius o r produced, and in B the perpendicular I F produced, the axis of the 
arch : the points r' and R will be the centres of the second arc and of the arc of the sunmiit. 
Figs. 1404, 1405, give illustrations of curves with 7 centres. It will be seen that the construction 
is exactlv the same ; but the first two radii may be taken at pleasure, and the third, that of the 
arc of the summit, may be determined as for Fig» 1403, which is the case of a curve with 5 
centres only. 

It follows from the means which we have pointed opt that it would be necessary to proceed 
cautiously, in order to give the proper dimensions to the smaller radii necessary to produce a 
regular and graceful curve approaching as near as possible to the ellipse. To avoid this we have 
drawn up Tables applicable to the describing of curves with 5 and 7 centres, and by means of 
which we may determine by a simple multiplication the length to be given to the first lesser 
radii of the curves. 

There are only two distinct conditions according to which elliptical curves may be traced : — 

1. Supposing that the angles in the centre of each of the arcs are equal to each other. 

2. That the magnitudes of the arcs are equal. 

We give Tables Nos. I. and II., which satisfy the former condition, and Nob. in. and lY., 
which satisfy the latter for curves with 5 and 7 centres. 



Elliptical Abches op 5 and 7 Gkntbes, equal Akoled. 
No. I. No. n. 



180' 
6 oenticf, Aaglet = —-— = 36°. 

5 

PBOFORnONS: 



OrthelUae 

F 

— - to tlM Span. 



(1) 

















0' 

0- 



36 
85 
34 
33 
32 
31 
30 
29 
28 



OfthelstlUdliis 
•^tothe^uL 



180' 
1 oentres, Anglet = — - = 260 43'. 

FaoFOKTioRs : 



OrUieRiae 
— to the Span. 















278 
265 
252 
239 
225 
212 
198 
185 
171 



(2) 













0- 



30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 



OrtbelatlUdlaB 


or 
Q 


to 


tbeSpuL 







192 







180 







168 







156 







145 







133 







123 







113 







104 







095 







086 



Of the 2nd Radios 
^totbeSpuL 

















276 
263 
249 
236 
223 
210 
148 
187 
177 
166 
155 



ELLiFncAL Abohkr, with Abcs of neablt equal Magnitudsb. 5 Ckntrbs. 

No. in. 



PBOFOBTIOm : 



ortiMBiM 

r 

- to the Span. 



Of tbe lit Kadlns 

or 

-^ to the Span. 















36 
35 
34 
33 
32 
31 
30 
29 
28 















300 
289 
279 
268 
257 
246 
235 
224 
213 



Argus: 



Of the Itt Radlns 

with the Hoiixontal 

Line of the Springing. 



49 

50 20 

51 40 

53 

54 20 

55 40 

57 

58 20 

59 40 



or the let Radii 
with the 2Dd. 



82 

30 40 

29 20 

28 

26 40 

25 20 

24 

23 40 

22 20 



Of the 3nd 

Radlu* with 
the VerticaL 



o 
9 
9 
9 
9 
9 
9 
9 
9 
9 
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Elliftical Abches with Arcs of neablt equal Kaonitudes. 7 Centbeb. 

No. IV. 



PBOrORTIOKS : 


Akolxs: 


Of the Rise F 
to the Span Q. 


Oftbelst 

Radios r to 

the Span Q. 


Of the 2nd 

Radius p r to 

the Span Q. 


Of the 1st 
Radios with the 
Horizontal Line 
of the Springing. 


or the 1st 
Radius with the 

2Dd. 


1 

or the 2nd 

' Radius with the 

3rd. 


OftbeSrd 
Radius Willi 
the VertJcaL 








O f 


O 1 


o » 


O f 


0-30 


0-220 


0-431 


44 53 


22 37 


16 30 


6 


0-29 


0-210 


0-425 


45 30 


22 30 


16 


6 


0-28 


0-200 


0-419 


46 7 


22 22 


15 30 


6 


0-27 


190 


0-413 


46 45 


22 15 


15 


6 


0-26 


180 


0-406 


47 23 


22 7 


14 30 


6 


0-25 


170 


0-400 


48 


22 


14 


6 


0-24 


0-160 


0-394 


48 37 


21 53 


13 30 


6 


0-23 


150 


0-388 


49 14 


21 46 


13 


6 


0-22 


0140 


0-382 


49 51 


21 39 


12 30 


6 


0-21 


0-130 


0-376 


50 28 


21 32 


12 


6 


(3) 0-20 


120 


0-370 


51 


21 30 


12 


5 30 



KonL->Tbe borixontal colnnins marked by the figures (l), (2), (3), oorrespond to the examples given in Figs. 1403 to 1406 . 
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1407. 



The rifle and span of an arch being given, divide the rise by the span ; the quotient -jr '^l 

be one of the numbers of the first column on the left, or near it : the products of the span by the 
proportions corresponding to this quotient, situated on the same horizontal line, will give the 
length of the first radii. The radii near the summit of the curve must be determined from 
the diagram. 

It is necessary to remark that in the application of Tables Nos. HI. and lY., in which the 
angles in the centre are not equal to each other, the divisions of the half-circumferenoe must be 
made according to the angles indicated in these Tables. See application. Fig. 1405. 

The principles of our Tables have nothing absolute about them ; they may be varied on the 
plan and the number of centres increased, if it be found that the limits are too restricted ; for 
the construction employed for 5 and 7 centres is analogous to that to be employed for 9, 11, or 13 
centres. Only the flatness of the curve at the summit is proportional to the increase in the 
number of centres, and greater care is needed in the construction of the plan. Our Tables are 
designed only to give, within practical limits, the means of avoiding the necessity of makin, 
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exporimenta, and of obtaining a priori the required curves. Our general formula [5] givee the 
values of the radii for a curve of 3 centres with angles in the centres equal. 

We do not advise the adoption of the curve of 3 centres for a depression of less than 0'36, 
for in the two viaducts of Port-de-Piles and of Auzon (railway from Tours to Bordeaux), in the con- 
struction of which Roy took part, the former having three arches of 31 mbtres, and the latter five 
arches of 20 metres. The designs for elliptical arches of 3 centres with angles in the centres 
eciual, gave a depression of 0*33. In the execution of these works, recourse was obliged to be 
had to curves of 5 centres, because with 3 centres only there was a very distinct angle at each 
change of curvature. 

Tracing the EUipsia. — 1. Gardener's ellipsis. 

Let A B, Fig. 1406, be the span of the arch and major axis of the ellipsis. Upon the middle of 
A B raise the perpendicular I F equal to the rise of the arch, which will oe half the minor axis of 
the ellipsis. From the point F, as a centre with ^ABorlBasa radius, describe an arc cutting 
the line A B in two points, m and m', which will be the foci of the ellipsis. If at the foci m and m' 
we fix the ends of a thread, the whole length of which is equal to A B, the major axis of the 
ellipsis, and with a style keeping the thread equally tense, we move it round from B to F and A, 
the style will trace a curve which will be an ellipsis, and the right lines ma^ m'a\ and ma\ /»'a'» 
drawn from the points a and a' to the foci m and m', are radii vectores, and they show the positions 
of the thread as the style moves round. 

1. The line bisecting the angle formed by the two radii vectores from the same point in the 
ellipsis is a normal to the curve in this point. This property of the ellipsis will furnish us with 
a ready means of determining the joints of the voussoirs. We will return to this subject presently. 

2. The plan of describing an ellipsis by means of a thread is applicable only to the laying out of 
gardens, from which its name is derived. For plans of arches where a very exact curve is required, 
we propose the following method : — 

Substitute for the ordinary thread a piece of wire, the diameter of which should be from J to 4 
of a millimetre ; at the foci m and m', Figs. 1408, 1409, fix two pins, which will serve as points of 
rotation; one of these pins passes 
through a hole in the middle of a 
pair of pincers, closing with a screw, 
the use of which is to hold firmlv one 
end of the wire ; the other pin has a 
ring attached to it, to which the other 
end of the wire is fixed. The part d 
of the pincers is intended to balance 
the part c. Instead of pincers, the 
part c might have a small cylinder 
with a ratchet wheel, m is a smsll 
flat piece of board, mounted on three 
rollers turning on their centres; 6 is a hori- 
zontal pulley of 0*05 in. diameter turning on 
a vertical axis fixed in the board m; around 
this pulley passes the wire which guides the 
elliptic track that must be followed by the 
board m; through a hole in the board at q 
passes a style, loaded a little, if necessary, to 
render its trace upon the plan plainly visible. 
The board m must always be moved, so that 
the hole q is on the bisecting line of the angle 
formed by the radii vectores. The curve thus 
described will be yet more exact if the pin of 
the pulley be made hollow to enable the style 
to pass through it. 

• Tracing an Ellipsis through Points, — Let A B, 
Fig. 1410, = Q, I the middle of A B, and the per- 

Sendicnlar t F = F. The foci m and m' will be 
etenuined in the manner shown, Figs. 1408 to 

A Tt 

1410. From the point i as a centre with A i or —^ as a radius, describe the part of the circle A D. 

At the point A, the extremity of the major axis, erect the perpendicular AN upon A B, equal to 
A m\ the distance from the focus to the extremity of the major axis. Joining the points D and 
N, the straight line D N produced will meet the major axis A B produced to a point K ; the straight 
line D N possesses properties which form the basis of the method we are about to point out. 

1. It will be a tangent to the ellipsis at the point where it is met by a perpendicular to the 
major axis, erected from the focus m*. 

2. All the perpendiculars to A B, erected fW)m any points between A and i and included between 
A B and D N, will be equal to the radius rector passing through the point in which the ellipsis 
would be met by each of these perpendiculars respectively. 

If, then, we take upon A i any points 1, 2, 3, &c., and erect the perpendiculars to AB 11', — 
m' n', - 22', - 33', which wUl meet the straight line D N in the points 1', - n', ~ 2', - 3', by 
describing arcs of circles with the focus m' as a centre and radii equal to the perpendiculars 11 , 
— m' n\ — 22', — 33', between A B and D N, the point in which each of the arcs cuts the perpen- 
dicular which has determined its radius will be a point in the ellipsis n, n', n", n"\ 

If we now trace a curve passing through all the points thus obtained, we shall have the quarter 
of an ellipsis, and the other half of the arch may be formed in the same way. 
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3. Numerical value of the position of the foci. 

We have as the value of the distance from the middle of the major axis to the foci : — 

I m' = •^ — — F, because of the rectangular triangle m' i F. 

4. Numerical value of the position of the line D K. 

We have as the value of the distance from the middle of the major axis to thjB point K where 

the line DK meets the major axis ik = , because of the similar triangles D i K and 

DNi", whence Di = ^. 

5. Values of the ordinates of the ellipsis. 

The perpendiculars 1 n, — in' n\ — 2 n*, — 3 n'", included between the major axis and the curve,* 
are the ordinates of the ellipsis. The parts of the major axis measured from its extremity A : AI, 
— Am',— A 2, — A 3, are the abscisses of the above-mentioned ordinates. Bepresenting the 
abscissas by z and the ordinates by y, 

2F /Q* 

Section of Elliptical Arches, — ^We have V = -tt^ "s a?" ; the area of an ellipsis being equal 

Q * 

to r, multiplied by the product of the two half-axes, and representing the section of the arch by 6, 

we have S = — j — • 

Determining the Joints of the Voussoirs, — ^When the thickness at the crown and at the springing 
has been decided upon, the thickness at the springing being greater than that at the crown, it will 
be necessary to trace the mean ellipsis, having just determined its foci : upon this ellipsis must be 
marked the divisions o^ the course of voussoirs. In each of these joints of division will be deter- 
mined the bisecting line y pof the angle formed by the two radii 
vectores drawn from each point of division. Fig. 1410. 

Segmental Arches, — Goneral values of the radius, rise and mag- 
nitude. 

The chord of an arc or the span of a segmental arch being ^ 
given, the radius of this arc is determined according to two different 
conditions, see Fig. 1411. 

1. The rise required. 

2. The magnitude in degrees and minutes which it is neces- 
sary to give to this arc. 

The rise being = F, and the magnitude equal A, we shall 
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have for B and F the following values : — 



B = 



2T~" 



F = B- V B«-^; 

4 

Q 



B = 



2 sin. a ' 



Q 

8in.a = ^^; 
F = B — COB. a X B. 



im. 



[8] 

[9] 
[10] 

[H] 
[12] 



Note on Trigonometry, — It will be necessary to give a few explanations of the chief terms used 
in trigonometry, to enable those of our readers who have not studied that science to employ the 
formulfe we have just adduced. The sine of an angle a 6 c, Fig. 1412, which we will call o, 
is the perpendicular m n let fall upon c h from the point m, where one of the 1412. 

sides meets an arc described from the summit 6, as a centre with a radius 
of 1. The cosine of an angle is the portion of the side c b Included between 
the point n, the bottom of the perpendicular, and the summit 6 of the angle, 
the centre of the arc. The sine of an arc is the perpendicular a d let fall 
from one of the extremities, a, of the arc upon the radius c 6, passing 
through the other extremity, c, of the arc. The cosine of an arc is that 
portion of the radius included between the end of the sinus d and the 
centre b of the arc. The portion c dia called the versed sine, and is equal 
to the radius c 6 of the arc, minus the cosine d b. The tangent of an arc, 
a c, is the perpendicular c t erected from the extremity of one of its extreme radii, c 6, and included 
between its point of contact, c, and the point, t, where it is met by the other extreme radius, a 6, 
produced. The cotangent is the tangent of the complement of the arc. 

Chief Mehtions of the Trigonometrical Lines. — The sinus of an angle or of an arc is equal to the 
cosinus of its complement. The tangent of an angle or of an arc is equal to the cotangent of its 
complement, hence the formulss ;— Sin. o = cos. (90° — o); . . . . tang, a = cot. (90° — a). 

There are two kinds of tables giving the values of the trigonometrical lines : those giving the 
logarithms of the values of these lines, and those giving their natural values. Of the former kind 
are the tables of Collet and De Lalande ; of the latter are the tables of Bichard, and those contained 
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in the works of Clandel and Chevallot. All tables are calculated for ares having a radins of 1. 
They are usually arranged in the following manner : the number of degrees is marked at the top 
of the page from to 45°, and at the bottom from 45^ to 90% because, as we have said, the sine, 
tangent, cotangent, and cosine of an arc are equal respectively to the cosine, cotangent, tangent, and 
sine of their complement. The number of minutes for angles or arcs from to 45^ are found on 
the left of the page, and for angles or arcs from 45° to 90'' the numbers are on the right of the page. 
The values which are found in the horizontal line of each number of minutes, in tables of log. 
sines, cosines, &c., are the logarithms of the natural values of the sine, tangent, cotangent, and 
cosine of the angle or arc whose magnitude is expressed by the number of degrees at the top or 
bottom of the page, increased by the number of minutes found in the left column for the degrees 
which are marked at the top, and in the right column for degrees marked at the bottom. All these 
values, it must be remembered, are calculated for a radius of 1. In tables of log. sines, &o., the 
index is increased by 10. 

From the fact of the values of the trigonometrical lines being given for a radius of 1, it follows 
from a comparison of the similar triangles a db and m n 6, that the sine, tangent, cotangent, and 
cosine of arcs of different radii are to each other as their radii. Thus, when the value of a trigo- 
nometrical line has been found in the tables, we have to multiply this value by the radius of the 
arc in question in order to obtain its true value. The operations on the loganthms of the values 
of these lines are performed in the same wav as on ordinary logarithms, and it will be necessary to 
remember that the characteristic of all tLese logarithnis (Tables of Hutton) is increased by 
10 units, and that the decimal part is always positive. 

FOBMUUB OrVINO THE DePTH AT THE CrOWN, AND THE PrOPORTIONB OF THE BaDIUB TO THE 

Rise, fob Arcs of given Magnitudes. 



EuOfDITS or TBI Akob. 



MagDitade. 



Radius = R. 



Rlae = F. 



120 
90 
60 
50 
40 



Q X 
Q xO' 
Qx 1 
Qxl 
Qxl 



577 
707 
000 
183 
462 



Q 
Q 
Q 

Q 
Q 







0" 



289 
207 
134 
111 
092 



Depth at the Grown = C 



0-30 + 0«07B; [13' 
0-30 + 005R; [14' 
0-30 + 004R; [15* 
0-30 + 003R; [16" 
0-30 + 002R; [17* 



Segments having Magnitudes intermediate to those given in the preceding Table.— To determine the 
depth at the crown of segmental arches having magnitudes intermediate to those given in the 
Table, find the depth with the radius of the arc to be employed for the two magnitudes between 
which that of the given arc lies ; a fourth proportional to the difference of the extreme magnitudes, 
to the difference of the depths at the crown corresponding to these magnitudes and to the difference 
between the given and one of the extreme magnitudes, will be the quantity which must be added 
to or subtracted from the depth at the crown corresponding to the extreme magnitude which haa 
served to determine the fourth term of the proportion. 

Examj^. — Let it be required to determine the depth at the crown of a segmental arch of 76^ 
with a radius of 10 metres. 

We shall have for 90° and R = lO- ; = 080 
and for .. .. 60° and R = 10™ ; C = 070 



Therefore 



30° 



Differenoes . . 

90° -76° 



; whence x = 



OlOx 14 



010 



= 046. 



10 X ' 30 

Hence for 76° and R = 10*00; C = 0*80 - 0*046 = 0*754, this arch would have Q = 12»*312, 
F = 2"*12. 

The operation we have indicated will be indispensable only in the case of arcs of magnitudes 
lying between 120° and 90°, and 90° and 60°, because below 60° the formuln giving the value of 
C for variations of 10° and the coefficients of R varying also by 10 thousandths, it will be sufficient 
to add to the coefficient of the magnitude next smaller, that of the one given, as many thousandths 
as there are degrees of difference between them. 

By performing an analogous operation upon the rise, the calculation of magnitudes may be 
avoided. The differences obtained will not be exactly the same, but they will be near enough for 
practice, and the employment of trigonometry may thus be dispensed with. 

Referring to the foregoing example, we have: R = lO-; F = 2"*12; Q = 12«-312; whence 

F 

pr = 0-172. The proportion of the rise to the span is included between the proportions 0*207 

and 0*134 of the formulas, Nos. 14 and 15. Proceeding in the same way as for magnitudes, wo 
shall have 

for -^ = 0-207; R = lO*" ; = 0*80; 
-^ = 0*134; R=10»; = 0*70; 



Differences 



0073 



0*10 



2 Y 
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r.-* VI- V *u -*• <>*07S 0-207 - 0-172 , „ . 010 x 0*35 ^ ^^„ 
Establiehing the proportion ^^^ = ^^ , we shall have « = :: -::=:: — = 0*048. 



0-10 

F 

Hence for -^ = 0-172 and B = 10«-00, = 0»-752. 



073 



Thus this example proves that the radius and the rise of an arch being given, we may 
determine the depth at the crown easily by the aid of our formula without firat considering 
magnitudes. 

Gothic Arches. — The best form of Gothic arch is that consisting of two segments of 60^, in which 
R = Q. It is for this form only that we give a value for the depth at the crown, measured like 
all the preceding according to the vertical passing through the summit of the arch. 

In this case F = Q X 0-866 ; [18] 

and C = 0'30 + 004R. [19] 

Lateral Thrust of Arches. — ^The following formula will furnish a means of verifying the depths 
at the crown, determined according to our formula, and the arrangement of the extrados, which we 
will discuss later. This formula denoting the horizontal thrust at the key is given regardless of 
an overweight or an accidental weight. 

T = the horizontal thrust for a given length of the arch. 
d = the weight per cubic metre of the masonry. 
G = the depth at the crown. 

r = the raaius of the intrados in semicircular arches ; the radius of the curve at the summit 
in arches with any kind of intrados. 



We have 



T = — (2Cr+C«). 



[20] 



Arches of Cellars. — The depth at the crown of arches for cellars of dwelling-houses will be equal 
to the half of that of an arch of a bridge, of the same form and the same aimensions (span and 

Arches of Buildings. — The depth at the crown of arches of buildings, such as arches of chnrcheSy 
will be equal to — ;-= of that of an arch of a bridge, of the same form and the same dimensions 

(span and rise) -^7^ . 

Modification of the Depth at the Crown according to the Nature of the Matebiai^ 

employed, and the greatest radius of curvature. 

The Radius of Curvature and the Employment of Material. — The general formulie for the depth at 
the crown given in the preceding chapter were composed on the hypothesis that the emplo3rment 
of materials of various kinds, forming the intrados of arches, would be subject to tlie dimensions 
minima and maxima of the greatest radius of curvature of the arches, and which are shown in the 
following Table : — 



Natnre of the MateriaU emploTed. 


Maximnm Badius 
R. 


Mean Depth. 


Preasure on Mnuirc 0*01 
borne by the Haflonrjr : 


At the 
Crown. 


At the Bue of 
the Piers. 


Rough unhewn stone and concrete . . 

Unhewn stone, regular in shape, such asj 
calcareous limestones, laminated tra-[ 
chyte, or rough-hewn stone ) 

Stone slightly hewn and bevelled .. .. 

Hewn or joggled stone and bricks .. 

Cut or free stone 


2-00 to (3-00) 

400to(5-00) 

800 
14 00 
2000 


0-25tof-30 

0-33 
0-40 
0-60 

• 


k. 
1-00 

2-50 

400 
5-50 
700 


k. 
5-00 

800 

1200 
15 00 
2000 



Above a radius of 20 the mean depth of the cut stone should be increased by 0*03 for each extra 

m^tre of radius. 

This Table has been constructed on the supposition that lime only moderately hydraulic will 
be used. For cases in which lime eminently hydraulic is employed, the values 3" -00 and 
6" -00 are given. 

The slightly hewn stone, or ashlar, as we understand it, should have its beds bevelled to the 
extent of 0-12, and the remainder of the bed not too much cut away; the joints should be per- 
pndicular to the facing to the extent of 0*08. Hewn or joggled, stone should have 0'20 of 
its beds bevelled, the remainder of the bed not too much cut awav, and 0*10 of the joints square 
with the facing. Cut or free stone should have 0*40 of its beds bevelled, and 25 of the joints 

auare with the facing. These regulations for the cutting of the stone constitute the utmost 
lowanoe which may be made if the work is to be properly executed. 

It is easily conceived that if, in the construction of an arch, whose greatest radius of curvature 
is 14 metres, in which case we might employ hewn stone having a mean depth of 0""*40, we use 
cut stone having a mean depth of 0*60, this latter having a larger bed, the pressure will be spread 
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oyer a larger surfaoe of stone lying well together and of great resisting power. The masonry of 
rough stone for filling up the haunches might, in such a case, be reduced in proportion to this 
spread of the pressure oyer a wider and well-resisting surface. 

Modification of Depth at the Crown. — Haying regard to the preceding considerations, in order to 
take into account the yarious kinds of materials employed, with respect to — 1, the radius of curyature 
to which it is to be applied ; 2, the maxima to which each of them may be employed according to 
the resistance it offers, and in accordance with the spirit of the general formula which we have 
giyen ; we haye adopted the following rule for cases in which it is reouired to substitute for the 
materials considered in the general formula, as seen in the preceding Table, other materials capable 
of more or less resistance. 

G = depth at the crown according to the general formula. 

R = the radius of the intrudes serying to determine the depth at the crown. 

Let R' = the radius maxima for the materials to be substituted for those which might be 
employed, according to the preceding Table, and C = the depth at the crown, modified by the 
materials substituted for those considered in the general formula of the Table. 

We shaU then haye C = sr • [21] 

/R' 

. V B- 

Example l.^Let us consider a bridge with an elliptical arch in which R = 8"*00, and in the 
construction of which slightly hewn stone mig:ht be employed. Bupposing that it is wished to 
substitute for it cut stone, we shall haye R' = 20*00. 

0*70 

General yalue: = 0-30 + 0'05 R = 0-70, whence C = ht; = ^'^^' 

' /20 

The Table shows that for a radius of 20« "00 the cut stone should haye a mean depth of 0*60 ; 
when the result obtained is below this limit the conditions are changed, and this shows that the 
radius maxima for the materials should be less than 20 metres. We conclude from this that hewn 
stone should be substituted for cut stone, in order to keep within the limits assigned to each of 
these kinds of materials ; and we shall haye on this last hypothesis : — 

C = J21. = 0-53. 
14" 



V 



8 

Example 2.— Let us consider the yiaduct of St. Germain, inserted under No. 8 in the Compara- 
tiye Table. 

We haye R = 500. Being semicircular, C = 0*30 + 007 R = 0*65. 

In this case, according to the Table, slightly hewn stone should have been used ; but unhewn 
millstone grit was employed, for which the Table gives R' = 2*00; 

hence C'=-^^ = 102. 

The engineer, M. Flachat, gave 0»*95. 

These two examples thus prove that the rule we have established takes into account all the 
conditions of resistance which result from the employment of different kinds of material. 

The first example leads to the following conclusion : — ^Whenever the thickness at the crown, 
found for a kind of material that has been substituted for that which, in accordance with the 
Table, might have been employed, is less than the mean depth of the materials substituted, which 
depth is fixed in the Table, we ought to consider this substitution as impossible, and, further, to 
determine the minimum thickness at the crown with a kind of material of which the mean depth 
should not be greater than the thickness found for the crown. By proceeding in this manner, we 
shall keep within the bounds of safety, and be guided by a spirit of economy, which ought, except 
in circumstances of an extraordinary nature, to be considered in every undertaking. This minimum 
thickness being thus determined, it is obvious that it will be always allowable to employ cut for 
hewn stone, and hewn for slightly hewn stone. 

Power of Sesistance.—li will be advantageous to give the results of experiments made upon 
various kinds of stone and mortar, in order to obtain a general knowledge of their powers of resist- 
ance. It will be necessary, however, to remember that these expenments were made iia the 
laboratory, where time and destructive atmospheric agents could have no effect. All bodies 
possess more or less elasticity ; under the action of compression, or the reverse, their particles 
approach to or recede from each other; these actions have limits beyond which bodies lose the 
power of resuming their primitive forms when the pressure is taken off, and other limits bevond 
which, the force of cohesion being exceeded and overcome, a rupture of the particles takes place : 
the former is the limit of elasticity, the latter the limit of resistance to a crushing or a tractive 
power. As compression is, generally speaking, the sole influenoe to which masonry is subjecte^ 
we shall consider its employment only with regard to this. In practice, stone jdaj be considered 
as incompressible ; but when the pressure is exerted to a certain extent the hardest fly to pieces. 
The softer divide into two pyramids, whose bases are the upper and under surface of the stone, 
and whose summits are situated towards the centre ; the side portions are driven outwards iij the 
form of splinters. It has been remarked that stones begin to crack as Boon as the pressure exoeeds 
the half of that required to crush them ; it is, therefore, at this moment that the cohesion of the 
particles is destroyed, and it is evident that this is the point which must not be exceeded in the 
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ease of masonry haying a weight to support. Even this limit should not be reached if the sapports 
axe isolated. 

Experiments have shown that the weight which prismatic stones of the same natnre will sup- 
port increases nearly as their density. The weight which stones of the same form and nature will 
support is proportional to the areas of the transverse sections. The resisting powers of three prisms 
of the same weight and the same nature, having equal bases, are to each other as the nmnbers 
703, 806, and 917, according as their bases are respectively rectangular, square, or circular; 
which shows that with an equal section a stone increases its power of resistance in proportion as it 
assumes the cylindrical form. 

Bepresenting the resisting power of the cube by 1, that of the inscribed cylinder will 
be 0*08; that of the same cylinder, placed upon a sharp edge, 0*32; and that of the inscribed 
sphere 0-26. 

It is easier to crush several stones placed one upon another than a solid block of the same form, 
the same dimensions, and the same nature. For three cubes placed one upon another, Bondelet 
discovered that the resistance was reduced about ^ a result which the interposition of mortar 
diminishes, and which is explained by the want of perfect contact of the surfaces. According 
to Yicat, a cube of 0'03 loses ^ of its strength when it is formed of eight small cubes, and ^ when 
it is composed of four equal prisms with fixed joints. 

It follows from these facts that, having regard to the imperfections in the execution of work, 
in practice the permanent weight should not exceed ^ of that necessary to fracture the stone, and 
that, further, in structures composed of ordinary stone or of small materials the ^ or even the ^ 
should not be exceeded. In the slightest structures the ^ is not exceeded. 

According to Yicat, a piece of masonry, composed of cut stone, will, after five months, support a 
weight of 200,000 kilogrammes per sq. metre without any alteration of surface, and an average of 
40,000 kilogrammes when constructed of unhewn stone lying well together, with mortar moderately 
hydraulic. The quality of the mortar employed may increase or diminish the powers of resistance, 
as is shown in our Table of pressures which the masonry has to support. We give for arches a 
force of pressure which is about } or •}- of that proposed by Vicat, and for perpendicular masonry it 
is nearly the same. 

Table of the Weight of a Cubic MI:tre of the diffebent Matebials employed js Masokbt 
WoBES, v?ith the Pbesstjbe peb Squabe Gentim^tbb necessabt to cbush them. 



Nature of the Materials. 



Basalt and porph3n7 

Granite generally 

Sandstone, hard 

„ soft 

^Calcareous, chonchyllious and hard 

„ compact (lithographic, lias) 

„ oolite (globulous) 

„ sandy 

Bricks, well biunt and hard 

„ ordinary burnt (Belgian) 

Ordinary plaster, mixed stiff, 30 hours after use 

„ „ less stiff 

Concrete with hydraulic lime, 6 months after use . . 

Mortar, hydraulic lime, 15 days after use 

„ highly hydraulic lime, 15 days after use .. 
„ Yassy cement, half sand, 15 days after mixing .. 
„ highly hydraulic lime, 14 years after use .. 

„ ordinary hydraulic 

„ strong lime 

See Speoifio Gbavitt. 



Weight of a 
Cubic Metre. 



ktla& 
2900 
2710 
2570 
2490 
2500 
2500 
2100 
2000 
1600 
2160 
1570 

1830 



Cnisbing Prpeenre 

to the Square 

GenUmetre. 



klloft. 

2000 

620 

890 

4 

400 

300 

110 

100 

140 

100 

50 

40 

40 

4 

8 

150 

154 

80 

20 



NoTK.— These reeistauoes have been determined by experimenting upon cubes having a dimension of 0*03 to 0*06. 

Plan of the Curves of the Extrados. — Tracing the Curves of the Extrados. — In arches constructed 
in one of the usual forms the pressure which acts through the curve of the arch, called the curve 
of pressure, is the resultant of all the forces acting upon this arch ; and it is a principle that 
this pressure should increase from the crown to the springing. Hence it is necessary, to ensure 
the stability of the arch, that none of the points of this curve be without the section of the 
arch ; for in such a case the pressure would not be directly supported. From this fact, and from 
the principle alluded to above, it follows that the thiclmess of an arch, measured normally at the 
intrados, which serves as a basis for the form of the curve of pressure, should increase from the 
crown to the springing. 

We admit with M. Dujardin, author of * Boutine des Yotltes,' that an extrados constructed so that 
the vertical projection from the part of the radius of curvature of the curve of the intrados, produced to 
any point betvpeen the intrados and the extrados, be always equal to the depth at the crovn, complies 
sufficiently with the conditions of an increase of pressure, and gives the dimensions of the haunches 
of an arch in a way to render the disposal of the masonry. similar to all points, Fig. 1413. 




LetaA =Ruidit{ = C. Take any nidiiu, om. and at the point niei«ct aTertJcal mA = hd 
= C: through the point A draw the horizontel, meeting the radltu omiu the point n, to which the 

latter has been pioduoed ; the point n will be a point 

of the ourre of the eitratloa, and m n the thickneKa of 
the sroh at the batioohea. E'roceed in a libe manner 
' for m'n'. By joining all the points thus found «e 
shall have the curve of the extndoB. 

The niuneriod ralae of tlie thickness of the arch 
at the haunches will be as follows; — 

Representing the angle 6 o tn, formed by the radios 
dravm to a point m, at which point it is required to 
find the thickness of the arch by a ; and the Uuckuesa 

of the arch by e; we hate id = 0; and » = • 

This method of tracing the cnrre of the extiadoe is simple and practical. Figs. 1111 to 1416 
are examples of arches of 10 mHies span. 

Pig. H14 is a semicircular aich : Fig. HIS a segmental arch of 60°; and Fig. 14,18 an 
elliptical aich. The slope of the abutments is in each case i. lu the arch, Fig. 141U, the joint 

VV F 
of mpture is determined by -^ ~ q" ■ ^ ^- ^*** **"* J"""' "^ mptnre is at an angle of 80° 

with the Tertlcsl, 

Depthi of the Cnrnn. 

Somicircolar arches C = 030 + 007 R, 

Elliptical C = 0-30 + 005R. 

Segmental of 60° = 030 + 00* R, 

of50= C = 0-30 + 0-03K. 

oflO^ C = 0-30 + 0-02B. 

Gothie C = 030 + 04 B. 

Valutt of R. 
Semicircular archei . ■ ■ ■ R = -^- . 

EUiplical B = Qx 1183-1-366F. 

P- 2F ■ 

h=4^^- 

Gothic R = Q.' 

Thichun of the AlxtlmmU at tht Springingi. 

iDalloBseB E = 0-20 + 0-30(B + 2C). 

Gothic E = 0-20 + 015(R + 2C). 

mcineaa of the Fiert at the Springingi. 

Withl to 8- span .. P= 2-50 X 0. 

e<°andovei P = 8 x C. 

Strengthming of tht IleadJaiuU at the Springingt. 
iQx 0-025. 




Examplel. — Application of the method to a semieircnlar arch : AU = Q; CD =C, Fig.MH. 
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the poiot of dmwo'A'ptadlel tothelineof theipriiiglDg. Pndncingthe rndiioc', oc", oc"', and 
■o OD ; these nulii will cut the line i/ A' in tho points 1', 2', 3', imd so on ; if «e now continue these 
radii from llie points I. 2, 3, and so on, where each of them cuts the line A B to the pointa 
1', 2', 3', 1', 5', 6', T, making; them equal to n' D and equal itleo to the ndius of the cnrre of 
the intrBdoH, we ehall obtain a aerieg of pointa D, 1', 2', 3', i', 5', 6', T, which will detenoine ths 
curve of the citradoa. 

Bemarking that each of the portions 1. 2, 3. and soon, is equal to c' 1', c"2", c"'3"', and 
thatoo' = C 19 tho vertical prDJeclinn' from the portions of the radii I, 2, 3. we see that this 
conetruction exactly fulfils the cnnditionB already mentioned ; that the vertical projection from ■ 
part of the radius of ourvatuie of the curve of an arch produced to any point within the intndos 
and the extrados is alwajs equal to the depth at the crown. 

We would remark that tlie curve in queetinn will never descend (in semicircular and elliptical 
bridges) to the level of the springing ; for this cnrve which is determined by the sliding of the 
extremity o' of a line o' D along a line o' A', parallel to that of tbe springing and distant from this 
latter by a quantity equal to the depth at the crown, the direction of which in this sliding oiotioa 
is compelled to pass constantly through the point o, the centre of the cnrye of the intiMos, this 
curva IB a conchoid of which o' A' 
is tho asymptote. The point of the 
curva of the eilrados nearest the 
plane of the springing will therefore 
be measured by infinity, and its 
distance from tbisplnne would then 
be equal to tbe depth at the crown. 

Exampli 2. — For the segment 
we have proceeded in the same way 
as for tbe semicircle ; the deter- 
mining of the cnrvo of the eitradoa 
stopping with the last radius o A, 
Fig. 1415, it follows that the abut- 
ment risea above tbe plane of the 
BpringiDg by a quantity equal to 
the depth at the, crown. In prac- 
tice tbe extrados of tbe arch must 
be made to coincide with the top 
of the abutment according to the 
dotted line. 

Kxamplc 3,— For the elliptical 
arch with five centres, Fie. 1416, 
we have proceeded for eacb arc of 
the ellipee in tbe same way as tor 




the half-circiimferonce of the scmicircnlar. 



Above each of the centres o, o, o, at a distance from 
WD. draw a horizontal, then at each extreme radius 
'— 2' - z* - ji by the aid of the portioDB of tho rkdii of 
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For all elliptical aichet, determine by the aid of a diagram the cnrre with 5 or 7 centres 
approaching as near as possible the given ellipsis of the intrados, and deduce from it the curve of 
the extradoe as in the third example. In practice the extradoe must be made to coincide with the 
abutment as shown by the dotted line. 

^ Abutinenta and Piers, — Thickness of the Abutmenta at the Plane of the Springing. — Let E = the 
thickness of the abutments at the plane of the springing for arches of all forms, and H = the 
height of the abutments or piers. \Ve have already R = the radius of the intrados serving to 
determine the depth at the crown, and C = the depth at the crown. 

For any span and any form of arch we shall have 

E = 0-20 + 0-30 (R + 2 C) ; [22] 

except for the Gothic arch of two segments of 60, when 

E = 0-20 + 0-30 d-+Q2c\ 

The height of the abutments should not exceed 

H = Qxl-50. [23] 

Except in cases of absolute necessity, the height should never exceed 

H = Q X 2. [24] 

The first value of H will give to bridges of one arch the most solid appearance, a quality which 
public works ought to possess ; it is also the limit of the conditions of great stability. The second 
value of H corresponds to the architectural proportions of a portico; it is also suited to large 
viaducts. 

Facing of the Abutments on the Land Side. — The thickness of the abutments at the plane of the 
springing having been determined by formula [22], the exterior facing (the land sides) will be 
constructed with a talus of ^ or 0*20 the metre of height. The thickness of the abutments at the 
base will, therefore, be 

= E + 0-20H. [25] 

This talus nearly corresponds with the retreats which many builders give to their works ; this 
method, we think, ought to be abandoned on the ground of producing results opposed to those to 
obtain which it is adopted, namely, greater stability than with the talus. Each retreat is a 
reservoir of water furnishing a means of enabling it to penetrate the masonry. 

In the case of the talus or slope we have taken the mean of the thicknesses at the springing and 
at the base. This mean may be taken in practice as the uniform thickness of the abutment, the 
value of which will be 

E' = E + HxO-10. [26] 

In this case the exterior facing will be vertical. This arrangement will have the following 
inconvenience : — The pressure supported by the masonry on the level of the foundations will be 
much greater than that supported at the springing, a fact which might in certain soils be of grave 
consequences. Besides this, such an amngement does not correspond in direction of resistance to 
the pressure of the arch. 

The thickness of the abutments thus found needs no assistance of walls, which, if used, will be 
additional guarantees of stability. When massive walls are placed behind the abutments, if the 
sum of the mean thicknesses of these two walls be equal to half the width of the work between 
the headings, openings in the form of arches may be made in the abutments without endangering 
the solidity of the work. In this way a considerable saving may be effected. 

It will not be prudent, however, to hollow the abutment between the walls throughout the 
whole of its height, for there should always be at the springing a mass of masonry of a width 
equal to that prescribed by the formula, to provide against the settling down of the masonry at 
the head and flanks of the arch in consequence of the slipping to which the latter is liable when 
there is not sufficient surface to resist the pressure. 

Thickness of the Piers at the Springing. — Let P = the thickness of the piers at the springing, 
and F = the talus of the piers per metre of height. For a span of 1 * 00 to 8 or 10 * 00 we shall have 

P = C X 2-50, [27] 

twice and a half the thickness at the crown. 

For a span above 10" '00 we have 

P = X 3, [28] 

three times the thickness at the crown. 

Talus of the piers a m^tre of height in all cases 

^orF = 0025. [29] 

The bodv of the piers will thus increase to a m^tre of height by ^ or 0'05. 

Besides this, it is well to give as much projection as possible to the socles in order to spread 
the pressure over a wider surface of natural ground. The nature of the soil, the importance of the 
work, the flow of the water, and the form of the foundation must guide the builder in the con- 
struction of the basis. His duty is to see that the works be firmly placed and protected from the 
undermining action of the water. 

General Information. — According to statements made by Rondelet, in his *Art de BAtir,' we find : — 
That thickness of the piers of a semicircular arch being = 1, the thickness of the piers for one 
and the same span will be, for — 



Gothic arch of two segments of 60° = 0*70 

Semicircular =1*00 

Elliptical depressed to ^ = 1 '18 



Elliptical depressed to ^ .. .. = 1*85 

„ „ to^^ .. ..=1-40 

Plat-band =1-40 
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That representing the thmst of a semicircular arch by 1, the relative tfamst of other arches 
will be — 



Gothic of two segments of 60° , . = • 50 

Semicircular = I'OO 

Elliptical depressed to ^ = 1*40 



Elliptical depressed to i .. .. =1*93 

„ „ tOT^ .. .. = 1-91 

Plat-band = 1*95 



Position of the Joints of Rupture. — It follows from the facts which we haye gathered from 
various works, that the position of the joints of rupture in bridges of the semicircular and elliptical 
forms may be determined in a general manner by the intersection of a parallel at the level of the 
springing, with the curve of the intrados and the distance of which from the level of the springing 
^ h i« \y o^ I ^^ ^^6 fi^ according as the rise itself is }, ^, }, or ^ of the span. Calling V \' this 
verti(»i distance, we have the proportion : — 

I^ = -J, whence VV' = :^. [30] 

This formula is strictly in accordance with the position of the joint of rupture in semicircular 
bridges, which is always considered as being on the radius inclined to 30° with the horizontal. In 
segmental bridges, so long as their magnitude is less than 120^, the joint of rupture is at the springing 
of the arch. 

Proportions of the various Parts, — Head-bands of Arches. — ^These should have a greater thickness 
at the springing than at the crown. This arrangement, which is more rational than one of uni- 
formity, gives the work a certain stamp of solidity ; this kind of band is called strengthened. 

In arches of moderate span, the thickness of the band at the crown is made equal to the body of 
the arch = G. 

The thickness at the level of the springing being represented for all forms of arches by B, we 
shall have 

B = 0+ %x0025; 

orB = C+g. 

For a span not exceeding 4*00 the band may be parallel ; for in such a case the increase would be 
hardly apparent, and it seems to us useless to introduce such a condition into small works. 

In arches of a wide span, 20 or 30 metres, the thickness of the head-band is often made less 
than that of the body of the arch. This reduction varies from 0* 10 to 0*20, according to the hard- 
ness of the materials or the taste of the builder. While giving the work a bolder appearance, this 
reduction in no way compromises its solidity. It is besides quite in harmony with the principles 
which we have made known. 

Tracing the Exterior Curve of the Bead-band. — ^In semicircular arches the extrados will be deter- 

Q 

mined by a segment, the centre of which will be below that of the intrados by -^ x 0*025, and the 

radius of this arc vrill then be equal to B + G + -^ • 

In elliptical bridges, first determine the value of B, then divide the increase of the thickness 
of the band, or the difference between the thicknesses at the crown and at the springing, by the 
length of the half of the curve of the intrados (measured simply with the compasses) ; this will give 
the increase of the band for each metre of length. Multiplying this quantity by the length, 1, of the 
half-arc of the summit, 2, of each of the other arcs of the ellipse, we shall have the thickness of the 
band at each change of curvature. The arc of the summit vrill be determined by three points, and 
will have its centre at n ; the centre of the second arc will be found upon the last radius passing 
through n. It is besides determined in position by its two extremities, and its centre will then be 
at n'; in the same way we shall have the centre n". Fig. 1416. 

For elliptical arches we may also trace the ellipse of the extrados, the major and minor axes of 
which will be determined by .-—The major axis = Q -f- 2 B, and haJf the minor axis = F -|- C. 

In these kinds of arches the joints of the voussoirs should be traced according to the normals 
at the mean curve of the head-band, and not according to the normals at the intrados ; by this 
means the pressure is distributed more equally on the planes of the joints. This arrangement 
corresponds in some degree to the inclining of the planes of the joints reoonmiended in the learned 
work of Yvon-Villarceau on * The Construction of the Arches of Bridges considered with regard to 
their Stability.' 

For segmental bridges the extrados will be a segment having three points, the crown and the 
springings : its centre wUl be in n. Fig. 1415. 

The Voussoirs. — The key voussoir ought always to be a header; and, as far as possible, the 
springers should be the same. Now the key is always like the first voussoir when the half of 
the total nimiber of voussoirs of one head minus one is an even number. We are thus able to fix 
a priori the number of voussoirs to be put into an arch, and the builder will be guided by this in. 
regulating the piers and abutments. 

Plinths and Cordons. — ^Let the total height of the structure from the top of the foundations to 
the bottom of the plinths = H, the height of the plinth = h^ and the ledge of the plinth = s, then 
in all cases 

A = 0*20 + 002 H. [32] 

For plinths without mouldings for small structures, s = ^h; 
„ plmths with mouldings '« = 0-70A. [33] 
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When It 1b reqaired to piiD width and to place the parapet be<rocd Iha mosoiiiy, ft will bo 
neceasary to pot a coiuole under tha plinth, the height of which conaole will be 0*70 A. We haje 
P = the thickneaH of the piera. 

Bepresenting the height of the oordon abo hy A, we shall have 
P 
>>=1f [34] 

However, in cases in which the height of the cordon thug formed would exceed that of the plinth, 
it will be neceawr^f to reduce it and to make it ^ual to thia latter. 
For iletallB of mouldingB, see Figs. 1417 to 1423. 
Details. — Pitra .- — ^ThicbueBB of the piers at the plane of sprinsring :— 

lat, up to 10 metres span P = 2'50xO. 

2nd. under 10 mi:tres span P = 3 x C. 

Slope to a m^tra in height, - 025, or ^. 
Plialfi^ and Cunlons :— 

Totn] height from the top of the fonndatioiiB to the nnder-Bide of the plinth = H. 

Totol thicknesfl of the plinth = A. 

We shall have A = 0-20 + 0002 x H. 

I .j_ HI. _!■ 11. ( Small works O'SO K A. 

Ledge of the plinth ji^,^^^^^^ 0-70 x A. 

Tntat height of the cordons ^ = ^ of the Ihickneaa of the pier. If this thickness exceeds that 
of tlie plinth, reduce A' — A. 

The designs of cordon and plinth. Pigs. 1417 to 1423, are specimens in which all the dimeosioos 
of ledges, plat-bands, and SIloU aK giren, supposing the height A to be unitj. 
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Builmsrs. — The breadth of butlrefses will be equal to the thickness of the plinth. 

timrr-il OiffrtHilion on Me Conalractioit of Anhn. — We strongly roconunend tbc placing of itwuin-» 
here and there in arches of wide span : the bonders should bo of cut stone of a mean depth twice 
that of the materials employed in the construction of the arches ; iron cramps, set in cement, may 
be nscd to hold firmly together the stones composing the bonders. This latter arrangement haa 
been tested by experience. 

The arches of the celebrated bridge built by Perronet, over the Seine at Neuilljr, one of which 
is sliowD in Fig. 1424, are 128(1, span, and the radius of the circle, of which the ooincideut portions 
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GOMPABATTVB TaBLB OF THE PRINOIPAL ThXESSttOn OT 



No. 



Nams of thb Work. 



1 
2 



4 

5 

6 



8 

9 

10 

11 
12 
13 
14 
15 



16 

17 
18 



24 



PsssKiTT DncKxsiosa. 











Propor- 


HagnitTKle 




Nambcr 
of 


Span of 
the 


Lonitest 
Radius. 


Rise of 
the 


tion of 
the Rite 


of tlie Arc 
of the 


Arches.! Arches. 


Arches. 


to the 


lon|(e«t 










Span. 


Radius. 



Thicknen: 



Ibt. Semicibcttlab Abches. 
Bridge at Homillj, over the Cheran 
Bridge at Ayignon (Rhone) .. 

Aqueduct of Spolette (Italy) . . 

Bridge at Maligny 

Bridge at Furand, over the Fiirand 



Viaduct at Stockport 

- rViaduct at La Manse, on the railway) 
\ from Tours to Bordeaux . . . . / 



Viaduct at St. Germain (railway) . . 

Viaduct at Beaugency (railway) . . 

{Roadways over the railway (Toursl 
to Bordeaux) / 

Roadways under the same 

{Aaueduots, or small single arch') 
bridges, under the same . . . . / 
„ (southern railway) 



n 



n 



2in). Elliptical Abohes. 
Bridge at Gignac, over the Herault ( 






Bridge at Neuillv, over the Seine .. 
TBridge at Port de Piles (rail), overl 

\ the Creuse j 

,Q '/Bridge at Auzon (railway), over the\ 
^^ \ Vienne / 



20 Bridge at Bordeaux 

21 Bridge at Ghavannes 

no /Bridge over the Brusche (railway in\ 

\\ Alsace) / 

OQ j/Bridge over the canal at Elle8mere\ 
^ \ (England) / 

Pont de I'Alma, over the Seine . . | 

8bd. Segmental Abches. 
Ist, 120° and over. 

25 Bridge over Doux, near Toumon . . 

26 Bridge over the Gonon (England) . . 



38-90 



21 31-36 



10 

1 
1 

22 

15 

20 

2500 



1 
2 

5 

3 



17 

7 

4 



1 
2 



1 
5 



21-44 

26 00 
20-00 

19-80 

15-00 

1000 

8-40 

8-00 

700 
500 
2-00 
2 00 
1-00 



48-72 
25-34 

38-98 

31 00 

2000 

26-50i 

to 
20-80] 
13-00 

1000 

4-90 

4300 
38-40 



47-78 
/ one \ 
\19-82/ 



19-45 
15-68 

21-44 

1300 
1000 

9-90 

7-50 

5-00 

4-20 

4-00 

3-50 
2-50 
1-00 
1-00 
0-50 



35-89 
12-67 

48-73 

21-60 

14-50 



9-48 
7-14 

3-66 

53-75 
50-56 



24-06 
11-10 



19-45 



13-30 
12-67 

9-75 

11-00 

6-67 

8-81 

4-55 
3-00 

1-83 

8-60 
7-70 



} 



0-50 



n 



0-50 



w 

II 

II 

II 

II 
II 
II 
II 
II 



19-82 
6-10 



0-275 

0-250 
0-355 

0-333 

0-332 

0-350 
0-333 

0-373 

0-20 
0-20 



0-414 
0-307 



ISO® 



II 



180° 



II 

II 

II 

II 

II 

II 

II 
II 
II 
II 
II 



60° 



II 



Of the 
Arches 

at the 
C^wn. 



or the 

Pien 

at the 

Spring 

log. 



Of the 

Abat- 

mentaat 

the 



1-62 
0-74 



0-92 
1-00 

0-84 

0-90 

0*95 

0-80 

/0-65\ 
\0-60/ 
j0-65\ 
\0-60/ 
0-55 

0-29 

0-20 
/0-40\ 
\0-30/ 



1-95 



304 



3-40 



1-90 



1-60 



7-80 



1-62 4-22 



1-30 
110 



1-20 



4-20 



157^34' 
127° 12' 



0-65 4-55 
0-72 I 1-50 

0-31 

1-50 ' 500 
1-50 



0-85 

0-92 ; 2*44 



6-96 26-43 



3-57 



3-65 

8-50 



2*60 I 

2*20 

200 ' 
1-50 ' 



0*55 



11-05 



9-83 



I 



5-50 7-30 i 
2-60 10*80 



6-50 
2-70 

0*92 ; 



10 



'•oo/i 
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Nature of the MAterUlt 
oftlieArch. 



Date 
of 

Oon- 

strac- 

tion. 



Name of Ardiitect, and 
ObwrvaUoiu. 



DmKKSIOKS AOOORDIXO TO OUB FOKWnUB. 



Freestone 



RadtoB 
■erving 
to deter- 
mine the 
Depth at 

the 
Crown. 



Depth at the 
Crown. 



Accord' 
ing to 
the I 
Qeneral ' 
For- 
mula. 



Taking 

Into 
account 

the 
Radius 
and the 
Mate- 
rials. 



Thickness at the 

Plane of the 
Springing, accord- 
ing to the general 
value ut C 



Of the 
Piers. 



Of the 
Abut- 
meuts. 



General Formnls and 
Obserrations. 



I • SI 



i» 



Freestone 



n 



( Bricks, and a small 1 
\quantity of freestone/ 

Slightly hewn stone 

Unhewn millstone 

grit, ordinary 

hydraulic lime 

Hewn stone 



1785 
1177 

741 



1834 



Garella 

rBenedio. The abut- j 

\ ments include walls / 

The piers of this aque- 
duct are 89 mitres high, 
with a base of the same 
thickness as at the vpring. 
ing ; the total height of 
the work = 130 metres 



19-45 
15-68 ' 



• • • a 



Slightly hewn stone 



n 



n 



» »» 

Unhewn stone 
Slightly hewn stone 
Unhewn stone 



Freestone 



n 
n 



Hewn stone 

{Bricks, with free- 
stone bonders 

Freestone .. .. 

Bricks , 



1847 
1845 
1845 



(17771 

to 

1793] 

1774 

1848 



Montluisant .. 

Mean heip^ht of the 

piers = 20 mbtres. 

No talus 

Morandier 



E. Flachat .. .. 

/ Thoyot. Talus of \| 
= 004 / 



\ the piers 



( Thickness of the \ 
\ abutments imiform / 



Garvallo 



{With light masses \ 
of embanking / 



1300 
1000 

9-90 

7-50 

5-00 

4-20 

400 

3-50 
2-50 
1-00 
100 
0-50 




n 



1822] 
1787 

1845 



/MiUstonegrit,with\ j™ 
\ Vaasy cement / ^^^^ 



Garipuy 



Perronet 

( Beaudemoulin and ^ 
\ Croizette-Desnoyers / 



n 



19 



Deschamps . . 

Gauthey 

Bazaine ft Chaperon 

Telford 



39-60 

32-90 
21-60 

14-55 

19-30 

9-17 
7-76 

8-28 



Slightly hewn stone 
Freestone .. .. 



1545 
1809 



{ 



De Lagalisserie and \ /39*50 
Darcel /\33*00 



Telfoid 



24-06 
11 10 



1-66 
1-40 



1-65 



1-24 ' 4-20 



703 
5-74 



1-21 , 0-98 
1-00 I 0-70 



0-99 0-82 



0-83 0-80 



• • j • • 



3-63 
3-00 

2-97 
2-49 



0-70 • 100 210 



0-64 

0-62 

0-59 
0-50 



0-41 



0-34 



0-30 
0-30 



2-28 1-28 



1-94 
1-38 



1-94 
1-38 



1-03 102 



1-26 

0-76 
0-68 

0-47 



6-84 

5-82 
4-14 

309 



1-20 3-78 

0-52 2-28 
0-50 j 1-70 

0-35 1 .. 



2-27 , 200\ g.^ 
1-95 1-65/ ^ ^ 



1-98 
1-08 



0-72 



2-16 



4-83 
3 



1-60 ■ 1-81 

1-72 

1-58 
1-24 
0-70 
0-70 
0-55 



13-15 

10-90 
7-50 

518 

6-75 

8-40 
2-94 

1-47 
11 10 



8-60 
4-18 



p/0-30 + 0-07R. 

^\0-30 + 008R. 

E = 0-20 -f 0-30 

(R + 2 C) 

pf 2-50x0. 

*^\3-00xC. 

The abutments should 

have an exterior talus 

of0'20perm^tre. 



•80 I 
3-76 
2-95 
209 



The piers should have 
a talus of ^. 



C = 0-30 + 005B. 

B = 1-186 xQ- 

1-366 F. 



{ 



Millstone grift with Vaaqr 
cement oners as much 
resistance as freestone. 

C = 0-30 + 0-07B. 
2Bin.a 

Q 



Sin.a = 



2B 
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Ni>. 



80 



31 



82 

3? 

84 
35 



86 
37 

38 

39 
40 
41 

42 



43 



44 
45 



Pbebknt Dixbxsioks. 



Name of the Work. 



Nninber 

of 
Arches. 



2nd, from 120° to 90°. 

Q« '/Bridge at Verone, near Vieux-\ 
^^ \ Chateau / 

28 Bridge over the Taaf (England) . . 

29 Specimen of passage over railway .. 



8rd, from 90° to 60° 
CSoTered bridge at Florence (Italy) 



/Bridge at Grosvenor, over the Dee\ 
\ (England) / 

Bridge at Munich (Bavaria) .. 

Bridge at Glasgow 

Specimen of passage over railway . . 
Bridge at Brunoy . . 

4th, from 60° to 40°, and under. 

Bridge at Homps, over the Ande . . 
/Bridge at Yal-Benoist Railway! 
1 (Belgium) / 

I Bridge at Staples Railway (Amiensl 
\ to Boulogne) / 

Pont d'Jena, over the Seine (Paris) 
Specimen of passage under railway 
„ „ (Northern Railway) 

/Pont au Double, over the Seine \ 
\ (Paris) / 



Pont de la Ck)ncorde, Seine (Paris) 



Bridge at Moret, over the Loing . . 
Bridge at Nemours, over the Loing 



Span of 

tbo 
ArcheHL 



Longest 
Radius. 



Rise of 

the 
Arches. 



Propor- 
tion of 

the Rise 
totho 
Span. 



Magnftade 

of the Arc 

of the 

longest 

Radios. 



Tbtckness: 



or the 

Arches 

at the 

Crovrn. 



or the 

Piers 

at the 

Spriog- 

log. 



o [ one \ 


, 28-62 


10-90 


0-245 


102° 04' 


1-62 


11-05 


1 
1 


46-47 
15-20 


29-42 
10-75 


11-37 
315 


0-245 
0-207 


104° 20' 
90° 00' 


1-13 
0-90 


• • 
•• 


8 


29-25 


21-20 


5-85 


0-200 


87° ir 


1 62 


7-85 


1 


61-00 


44-23 


12-20 


0-200 


87° 16' 


1-22 


• • 


3 


31-20 


26-00 


5-20 


0-167 


73° 44' 


1-30 


2-92 
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14-64 



9-75 

3-81 

1-90 
3-25 



8-77 



600 

9-75 
2-40 
3-86 



16-24 



4-87 



of the outer segmental arch are parts, is 160 ft. A comparison of this bridge with a bridge on the 
same plan, after the designs of Roy, will be found at No. 17 in the Table, page 698. 

Along the line of the Highland Railway numerous bridges and viaducts have had to be 
erected. Fig. 1425 is of the viaduct which spans the river CJonon, in Ross-shire. From circum- 
stailces it was necessary that this bridge should cross the river on a skew of 45° to the stream, and 
as there were rock foundations, there was no difficulty to contend with beyond that of 4 ft. or 5 ft 
of water in the channel of the river to reach the rock. The peculiarity of the skew with the river 
at this place could have been more easily provided for by the adoption of iron girders from pier to 
pier, but as it was found that iron girders would be fully as expensive and not so permanent 
as a stone bridge, and as there were admirable quarries in the neighbourhood, Joseph Mitchell, the 
engineer of the line, resolved to construct this bridge on a skew of 45° with the river, by a series 
of right-angled ribs or arches spanning from pier to pier. The bridge consists of five arches of 
73 ft. span each, the arches being constructed of four ribs, each 3 ft. 9 in. wide ; the arch stones 
are 4 ft. deep at the springing, and 3 ft. deep at the crown. The key-stones of the centre part of 
each arch were made to connect with each other, as were the stones in the haunchings of the 
arches, and some cramps of iron were inserted at the joints to connect the ribs. The work was 
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successfully accomplished, and constitutes a yery perfect piece of bridge maaonry. The total 
length of the bridge is 540 ft., and the height 45 ft. from the bed of the river. The north 
abutment is founded 304 ft. lower down the riyer than the south. The whole bridge was con- 
structed for a single line of rails. 

J. A. Roehling's System of Bridge-building : the Parabolic lYuss. — ^Let acb and adb. Fig. 1426, repre- 
sent parabolic curves of the same deflection and span. The upper curve forms an upright aich, which 
presses against the points a and b. If these points are connected ^^js. 

by the chord a 6, and this chord balances the pressure at a and 6, j. 

the chord and the arch will be in equilibrium and at rest. ^'^^^ 

The inverted parabolic arch a rf 6, freely suspended between ^y ^ Jc^ ^N^ 

a and 6, will, on the other hand, produce an inside pressure upon ^ p ^^^ 

these two points of support. If the two arches are equally and y^^ • ^^y^ j 

uniformly loaded, their strains at a and 6 will be the same, and ^^s^^ ly ~Z^^ 

in the directions of their respective tangents af^bf^ and ae^ eb. ^^> >^ ^ ^<^^ I 

We may therefore remove the chord a 6, and in its place suspend ^s^ i y^ I 

the arch adb; then the outward pressure, exerted by the upright ^^if:^ 1 7t 

arch upon a and 6, will be met and balanced by the inward pres- j^ 

sure at a and 6, produced by the suspended arch adb. The /^ 

two arches are tnerefore in equilibrium, without any inter- V^^ 

mediate chord. 

In a bowstring girder or arch nearly the same amount of material must be expended in the 
chord a b which is required in the arch itself. But the chord adds nothing to the supporting 
power of the arch. On the other hand, by suspending the subverted arch adb, we may dispense 
with the chord, and at the same time we have doubled the supporting power of the system. The 
great economy of the parabolic beam is therefore apparent at a glance. All that is required in 
practice is to provide sufficient panelling, and light bracing inside of the arches, in order to 
preserve their form and equilibrium under variable loads. It will be shown hereafter that a greater 
amount of material must be expended to obtain the same strength in other systems of girders 
and trusses. 

To ascertain the forces of tension and compression at a and 6, produced by the upright and 
suspended arch, draw the parallelogram afbe, the sides forming tangents to the curves. The 
pressures caused by the upright arch will then be represented by a / and 6 /, and the tension 
caused by the suspended arch is measured by a and 6 <?. Suppose the weight W to represent the 
whole weight of the upright arch, then this weight will act through the linear braces fa and fb 
upon a and 6, and its relative magnitude is represented by the diagonal / £, which is the resultant 
of the two forces / a and / 6. Let the pressure at a or 6 be denoted by P, then is W : P = «/ : a/; 

n f 

and therefore, P = W — j- . Let x represent the deflection, or verse sine, gc or gd, y-^ half the 

chord a g or gb; and suppose the curves to be parabolas, then g c will b e equal to c /, or, 
*=i5'/=iyE; and af^=ag'^'\-gf^ = y* + 4 a?', or, a / = V y* + 4 x*. Substituting this 

value in the equation for P, and 4 a: for <? /, we have P = -, — V y* + 4 jc *. The tension T, 

4 X 

caused by the suspended cable at a and &, is equal to P, and found by the same formula. 

As an example, let us suppose the span of the arch to be 500 ft., its verse sine 50 ft., and its 

total weight 500 tons ; to find the pressure or tension at the points of support, we then have 

_ 500 ^"-:=5 =3 

^ = Tir50 ^250 + 4x50. 

P = 500 X = 500 X 1-34. 

P = 670 tons. 

The figure 1 '34 represents a variable coefficient, which is dependent upon x and .v, but independent 
of the weight W. We may therefore, for convenience sake, compose a table of coefficients which will 
facilitate rapid calculations. The following Table gives the coefficients for versed sines of | of the 
span to^: — 

V.S. * i tXj ,1^ ^ ^ ^ ^. 

Coe. 1118 1-23 1-346 1*463 1*58 1*70 182 1*94. 

As an example, suppose a span of 1000 ft., verse sine I, or 125 ft., and load 1000 tons. The 
coefficient of pressure or tension in the Table is 1 '118, therefore the pressure or tension is 

1000 X 1'118 = 1118 tons. 

As another example, suppose the same span and load with a verse sine of -^ of the span = 
66*66 ft., then the coefficient in the Table iB 1 '94, and therefore the pressure or tension is 

1000 X 1-94 = 1940 tons. 

It may be necessary to calculate the exact length of the arch, suspended or upright, measured 

by the curve. Let Z denote one-half the length of the curve, then is Z = 'v y* + -^ «*. This 

formula applies to a parabola, and is much more simple than the formula for a true catenary. It 
is sufficiently correct for practice, provided x is not greater than y. 

To determine the denection x from the length of the curve and of the span, the following 
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equation will answer : s = v -j- (Z' ~ y*). These fonuulas are needed in order, to calonlate the 

rise or fall of an arch, due to its ezi)an8ion or contraction from variations of temperature.' 

This diagram represents half a parabola, with its ordinates and abscissas. Now it Lb a 

X X 

property of the parabola that a? : x' = y* : y'* ; from this we deduce ar' = -^ y'* ; also, af' = — y"« ; 

and BO on. When, therefore, x and y are known, we can calculate the ordinates x\ x", x'", x'*, for 
any abscissa. This will enable us to lay down the curve of the upright arch, or to calculate the 
length of suspenders for the suspended cable. 

To ascertain the compression of the arch at its crown c. Fig. 1426, or the tension of the cable 
at its lowest point (/, draw the lines e h and b h parallel to y 6 and y e in Fig. 1427 ; then the 
diagonal b e represents the strain at 6, while eh ^^^ 

represents the horizontal strain at d or r, and bh 
represents the vertical pressure produced upon 6 ^ 
or a, either by the arch or cable. 6 h being equal 
to c d or 2 X, of course the sum of the vertical pres- 
sures at a and 6 is equal to the whole weight of 
the arch or W. 

In a similar manner can the compression or 
tension of the arch be ascertained at any oth^r 
point of the curve by simply laying down a tangent and drawing out its parallelogram. The 
tension or compression is thus found to increase gradually from the centre to the points of 
support. 

By laying down the curves accurately on a large scale, all the different strains may be measured 
by the scale sufficiently accurate for all practical purposes. 

General Description. — The three openings of this bridge are spanned by two parallel continuous 
parabolic trusses, 1184 ft. in length, at a distance of 14 ft. apart in the clear ; the floor beams for 
support of the track resting upon the lower chords. This superstructure is firmly fixed upon one 
of tne two middle piers, while it rests upon roller-plates on all the other piers. This arrangement, 
therefore, admits of free contraction and expansion, caused by changes of temperature. It will be 
noticed that the towers which support the cables on the middle piers, form integral parts of the 
movable structure, and consequently will change their position in unison with the other parts of 
the work, when affected by contraction or expansion. The cables together with the arches form 
one united system, all moving together uniformly when thus influenced. 

The railway track is supported at intervals of 5 ft. by rolled iron beams of 12 in. depth and 
21 ft. 5 in. in length. The rails rest upon wooden stringers, 12 x 12, which are strengthened in 
depth by timber bridgings, 6 x 12, fitted in between the iron beams. A longitudinal iron beam 
of 9 in. depth underneath the bridging, suspended by bolts to the wooden stringer, adds further 
to the depth of bearing, which is wanted to distribute the concentrated weight of the locomotive 
drivers, and thus diminish their kneading action. Every second cross beam is suspended to the 
cables by means of suspenders, but each of the beams is also firmly riveted to the lower chords by 
sixteen rivets of f in. diameter. This union forms the only connecting link between the arches 
and the cables. 

There is one truss on each side of the track, and each is double throughout from end to end, 
leaving an open space 24 in. in width between the posts. In the centre of this space the cable is 
freely suspended in a vertical plane, parallel to the trusses ; the suspenders run down in the same 
plane ; so also do the wire-rope stays, which pass over the towers below the cables. Where the 
stays cross the suspenders, thev are united with them by wire wrappings, for the purpose of pre- 
serving their straight lines, and, to prevent oscillations. 

The principal features, which give supporting strength as well as stiffness to the trusses, are 
the arches. The cables, which co-operate with the arches, are designed for strength alone, with- 
out adding much to stiffness. An aaditional source of strength as well as stiffness is obtained by 
the wire-rope stays, six on each tower ; these are also very efficient in preserving the equilibrium 
between the spans under the action of variable loads, and also in relieving the arches at the 
haunches, where assistance is most needed. 

At the extreme ends of the trusses four light double wire-rope stays are added to give addi- 
tional strength and stiffness to those points. 

At the first glance this plan may appear a complicated arrangement, defeating its own end by 
the want of internal harmony among its different parts. But no view could be more mistaken. In 
place of exhibiting a want of harmony, this system will be found in its practical working so 
oo-operative and mutually supporting in its various parts, that nothing will be left to desire. No 
system is possible which, under the action of passing and variable loads, will be affected with 
perfect uniformity in all its parts, so that all the different members will be exposed to the same 
uniform proportional strain. Uniformity of strain in a plate-girder, in a lattice-girder, or in any 
other triangular or panelled truss, is out of the ouestion. The arch alone, upright or suspended, 
comes nearer than any other system toward fulfilling this condition. When a load is placed upon 
any one point of the arch, the compression or tension thereby produced upon its section will be felt 
nearly alike throughout its whole extent, so long as its statical form is maintained. The capacity 
of the arch to maintain its form is strongest about the centre. Impressions upon the haunches are 
more apt to produce dislocations in other corresponding parts. To meet this weakness, stays are 
introduced next to the towers. So far as they extend, they are strong enough to support the 
maximum weight of that part of the structure as well as the load. Each stay in connection with 
the floor and tower forms a fixed triangle. This simple system of stays, as here designed, is the 
perfection of trussing. Nothing can t>6 more perfect, or more simple, effective, and economical. 
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In the Niagara, Cincinnati, and Alleghany bridges, the conditions upon which the true action of 
stays depend are only partially fulfilled, because of the different material of the towers and the 
neutrality of the floor. And yet with these drawbacks, the stays in these works answer such an 
admirable purpose, that they could not be supplanted by another arrangement. But in the plan 
before us all parts are composed of the same material, and are allowed to expand'and to contract 
freely, and consequently their harmonious action cannot be disturbed on that score. 

Suppose the section of the arch was doubled, and made strong enough to support a maximum 
load and the superstructure ; and suppose, further, that its ends were connected by a chord strong 
enough to resist the thrust ; all that would then be needed would, by common consent, be span- 
drils of sufficient stiffness to preserve its form under the action of variable loads. No engineer 
would doubt the stability of this simple arch. Now, in the plan before us, we employ the same 
arch, but of only half the section. This deficiency of strength is made up by the suspended arch ; 
and in place of heavy spandrils we introduce a light panel-trussing throughout its whole extent, 
which will be found more effective in reality than any system of spandrils can possibly be made. 
This panel-trussing, judging from experience on the Niagara Bridge, will be found abundantly 
effective to preserve the form of the arch. If there were no adjoining spans, and if there were no 
necessity for towers for the support of the cables, nothing more would be needed. But the towers 
being there, the application of stays becomes at once one of the most economical as well as most 
efficient means to still further secure the stability of the whole system. Only fourteen panels are 
left without stays in the centre opening, reducing this distance to 280 ft. In this space the arch 
and the jMinel-work have to maintain their form alone, not counting upon the assistance of the 
cables. With reference to stiffness alone, the plan before us may also he considered in the light 
of a simple bowstring-girder, with this difference in favour of the Parabolic Truss, that the 
haunches of the arch are greatly assisted by the stays. 

The harmony of action between the arches and cables, when under ^the influence of variable 
loads, now remains to be considered. Inside of the space of the central opening, between the two 
longest stays, a distance of 280 ft., a want of uniformity of action is utterly impossible, because the 
least impression upon the arch will be equally felt by the cable throughout its whole extent, and 
will be checked by the upward resistance of the superstructure. As the cable becomes depressed, 
every other point tends to rise, but is prevented by the weight and stiffness of the truss, the arch, 
and the panels. Considering now that the weight of the middle span is 640 tons, the local impres- 
sion made by a 40-ton locomotive will be no more than is due to the natural elasticity of the material 
composing the truss. The cables being the most sensitive members of the system, their action will 
greatly tend to spread every local impression over a large extent, and thus neutralize its effects by 
engaging all parts of the system to resist. 

So far as the stays extend, no local depression whatever can be produced, because every attach- 
ment of stay forms a fixed point, which, in connection with the arches, cables, and panel-braces, 
wHl be found sufficiently rigid to resist the severest local action beyond that due to the natural 
elasticity of the materials. Boebling is positive in this statement, because his observations on the 
suspension-bridges he built fuUy jiuitify him in making it. If any one will take the trouble to 
scrutinize the action of the Niagara Bridge under the passage of a single heavy locomotive and 
tender with sufficient care and attention, and, by means of a level placed in one of the towers, will 
observe the progressive depressions of that structure, which take place from the tower toward the 
centre, he will discover scarcely any depression inside of the reach of the stays. Beyond the stays, 
toward the centre, the depression increases rapidly, and becomes greatest In the centre. Similar 
facts will be noticed on the Cincinnati Bridge, under the action of a number of heavily-laden 
teams, following each other in close succession. 

The cables and stays are securely fixed upon the cast-iron saddles, which are mounted upon 
the tops of the wrought-iron towers by means of cushions, held down by screws. The height of 
the towers being 62 ft. above the base, and the supporting columns of an elastic material, they 
will yield a little, when one span is fully taxed with a maximum load, while the adjoining spans 
are empty. This yield will be imperceptible to the eye, but will no doubt be susceptible of mea- 
surement. And as this movement will not result from the free working of the different members 
of the system, but will be entirely due to the elastic yield of the materials, it may be repeated 
indefinitely without impairing the integrity and safety of the structure. 

Since wire possesses a much greater degree of elasticity than bar-iron, one very great advantage 
of the cables and stays will be, that ordinarily, when not taxed by any load, the greater part of 
the weight of the structure will be borne by the wire. Under the action of light loads, the cables 
and stays will continue to bear the greater share ; but when taxed with heavy trains, then the 
arches will also receive their full proportion. When the structure is relieved, the cables and stays 
will again contract and support the largest share. And so long as this process is kept within the 
limits of natural elasticity, allowing for an ample margin, the structure will remain perfectly safe 
and intact. 

Each of the two cables is represented as composed of nineteen wire-ropes. Ropes will be found 
in practice to be the most economical means of forming the cables, also the easiest to put up, and 
the quickest. Cables made of wire laid parallel may also be constructed by those who have 
experience in this process, and know how to make a good cable ; but the same amount of wire 
laid parallel into cables will give less strength than the same amount of wire laid into rope, 
provided the lay in the latter is long, and that its manufacture has been conducted with the 
necessary care and proper machinery. It is impossible to obtain perfectly uniform tension in a 
parallel cable, but it is possible to do so in a rope. The cost of the two, per pound, will be about 
the same, and of course the strongest should be preferred. 

In place of making the cables of wire, they can also be made of iron or steel bands, provided 
the bands are rolled full length, so that they can be laid into the cable without splicing. The 
rolling of bands, say 4 in. wide and } in. thick, and 1000 ft. or more in length, is a process which 
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fiBctioDs omitted. It ia plain that the snpportiiig power of the different stajrg \b measured by 



the ratio of the height of tower to their different 
lengths. Thus, if we denote the supporting power 
of the stay 6 c by P, its ultimate strength by U, we 

ha,eP:U::60:68;«dP = IjS. 

DO 

In the same way* for 6<f, P : U :: 60 : 72; and 

P = U^. 
72 

The ultimate strength of each of these stays is 
assumed equal to 100 tons, and we therefore get 
their supporting power as follows : — 



14S0. 



For 






»« 



»i 



6c 
bd 

b e 

bh 



6000 
6000 
6000 
6000 
6000 
6000 




Total supporting power of 6 stays, in tons 405*19 

24 „ „ 1620-76 

Allow I of ultimate strength 324*15 



Each stay produces a horizontal strain upon the lower chord, which is to its supporting power 
or Tertical action, as is the base of the triangle to its height. Thus the horizontu action of the 
stay 6 c is represented by the base-line a c = 20, and its vertical action by a 6 = 60, and its direct 
action by 6 c = 63. If, therefore, the horizontal action is denoted by x^ we find its value for 
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hg 
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X 
X 
X 
X 
X 
X 



100 
100 
100 
100 
100 
100 



X 
X 
X 
X 
X 
X 






Tons. 

31*74 
55*55 
70*58 
80*00 
85*47 
89*55 



Aggregate ultimate horizontal action of 6 stays, in tons . . 412 * 89 

Allow ^ 82*58 



The weight of the central span is, in tons 



We will assume it at 

The greatest possible transitory load which can be placed upon this span 
would be a train of locomotives, estimated at the rate of \\ ton a 
lineal foot, or for a length of 500 ft., at 

Therefore, aggregate weight of superstructure and load 
Deduct the supporting power of 24 stays, allowing \ of their ultimate 
strength 

Leaves for the support of the arches and the cables . . 



TOML 

642 

650 

750 
1400 

324 
1076 



In order to avail ourselves fully of the economical principle of the Parabolic Truss, it is very 
evident that the tension produced by the cables should bo exactly balanced by the compression of 
the arches, because the one supports the other. This exact balance of the two forces must exist at 
the anchor-plates, located at the ends of the superstructure, on the abutments, or on the piers, 
which serve as such. 

These plates finnly hold the ends of the cables, and at the same time serve as supports for the 
ends of the arches. To further simplify this investigation at its present stage, we will assume 
that if the tension of the cables and the compression of the arches are equal to each other in the 
central span, then also the same balance will exist at the anchor-plates. This is not strictly the 
fact; but for the purpose of making the question plain, and to avoid intricate mathematical 
formulas, such as would not prove palatable to the practical engineer, and would, moreover, add 
nothing to the accuracy of this investigation, but, on the contrary, would tend to obscure the 
subject, at present, however, we assume it to be a fact. 

The length of span from centre to centre of towers is 530 ft., and the deflection of the cables is 
60 ft. The ratio of deflection, therefore, is 1 : 8*83. From the table of coefficients, we find the 
ratio of weight and tension for ^ = 1 * 23. It will be near enough to assiune it here at 1 * 22. 

The span of the lowest tier of arches is 516 ft., and its versed sine or rise 40 ft., and the ratio 
of deflection is 12*90 ft. The corresponding coefficient of compression in the table we find to be 
1*70 ft. 

Let us represent the weight to be borne by the cables by «, and the weight to be supported by 
the arches by y, then will be the tension of the cables = 1*22 x, the compression of the arches 
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1 '70y. And sinoe the condition is that the tension of the cables shonld equal the oompreasion of 
the arches, therefore is l*22x = l'7y. But the aggregate weight to be borne by the arches and 
cables was found to be 1076 tons. Therefore, x + y = 1076, or y = 1076 — x. Substitute this 
value in the previous equation, and we have 1*22^; = 1*7 (1076 — x\ and x = 626*43 tons; and 
also, y = 1076 - 626'43 = 449*57 tons. 

From the foregoing we now Aid that the tension of the cable is 626*43 x 1*22 = 764*24 tons. 

Compression of ^e arches is 449*57 X 1*70 = 764*27 tons, 

both about the same. 

The question may be asked here, why the weight resting upon the arches and cables is not 
equally divided ? If this was done, then it would be necessary to observe the same ratio of span 
and versed sine for the cables as well as for the arches. But this would reduce the deflection of 
cables, and thereby diminish their supporting power ; or it would increase the rise of the aich 
and make the structure too top-heavy and too deep in the centre. On further investigation it will 
be discovered that the proportions here assumed are efficient and economical. The more weight 
thrown upon the cables, the cheaper the structure wiU be. But at the same time a certain amount 
must be reserved for the arches, else they will be too light, and the balance between the centre 
span and the side spuis may be endangered under the action of heavy transitory loads. Each 
cable is composed of nineteen smaller cables or wire-ropes. The maximum tension of each rope isi 
therefore, 764 + 38 = 20*10 tons. 

Allowing six times the strength, we have the ultimate strength of each rope, 20*10 x 6 
= 120*60 tons. 

Each arch is composed of twelve channel-bars, 9 in. deep ; we therefore find the tnnTimnm 
compression of each of the channel-bars, 764 -i- 24 = 31 * 83 tons. 

Allo?nng a maximum compressive force of 4 tons to 1 sq. in. of wrought iron, we get the section 
of each bar, 31*83 + 4 = 7*96 sq. in. 

In the estimate of weight this section was assumed at 7} sq. in. average, at the same time 
allowing 25 sq. in. section for the top plates in the centre. The compression at the crown being 
less, the estimate is sufficiently correct for the present 

For much larger spans than 500 ft., it may be found more economical, and at the same time 
safer, to employ a mild steel for the arches, and also to manufacture the cables out of cast-steel 
wire. But it would be a mistake to do so in this plan, because the weight of the structure would 
thereby be too much reduced for safety, and its cost would be enlarged. To ensure a proper degree 
of stability between the spans under the action of heavy transitory loads, the weight of the struc- 
ture should not be less than 1 ton to a foot lineal, for a single-track railway, on the supposition 
that the maximum transitory weights do not exceed 1^ ton the foot. In this countiy, where 

2 tons a foot are required by Iaw,>a greater weight of structure will be needed in proportion. But 
for the railway traffic of America, an allowance of 3000 lbs. maximum load for single track is 
amply sufficient. 

The cables of the side spans form portions of the same curve as those of the middle span. The 
only difference is, that they are cut off 62 ft. beyond the centre. An exact half-span would 
measure 265 ft. from centre of tower to end of truss. But the actual length of the tnus is 62 ft. 
more, which makes 327 ft., the object being to make the side spans about 300 ft. in the clear at 
low-water mark. Whether the cable is anchored at that point or is continued, its tension will not 
vary, provided its weight or load per unit of length remains the same. In proportioning the arches 
of the side spans, two conditions have to be fulfilled. Their horizontal thrust at the foot of the 
towers must balance the horizontal pressure caused by the arches of the central span. Secondly, 
their horizontal pressure against the anchor-plates must balance the horizontal tension of the 
cables at those points. These two conditions will determine the proportions of the arches as well 
as the length of the spans. If, on the other hand, .the length of span is fixed, we can also propor- 
tion the arches and cables so as to fulfil the above conditions. An easy and practical method for 
a preliminary investigation, is to lay down the curve of the table, then construct a full arch, 
similar to the central arch, on thick drawing-paper, cut out its curved outline and lay it down 
upon the plan ; then try its various positions, to nnd out approximately what length of span and 
what proportions will about suit. This examination made, we can then calculate the pri^rtions 
of the arch, its supporting power, and its pressure at the foot and at the anchor-plate. This pro- 
cess, repeated a few times, will bring us near enough to the exact quantities which are required. 
A practical method like this will be found much more satisfactory, and at the same time easier 
and more certain than the use of complicated equations. 

By lowering the anchor-plate, we shorten the cable until we have reached its centre, which 
forms an exact naif-span. By raising the anchor-plate, we lengthen out the span, and the greatest 
length will be obtained when the plate is at the level of the upper chord. In that case the arch 
would have to rise above the upper chord. On the other hand, we can also reduce this span to less 
than a true half-span by moving the anchor-plate back until we meet the upper chord. This point 
of intersection will then have a strong tendency to rise, which must be met by anchoring to the 
masonry in such a manner that contrition and expansion from changes of temperature will not 
be interfered with. 

Strains in Arches and Cables. — The trusses of the side spans are 327 ft. long, measured from the 
centre of tower. The arches of the side span form part of a curve whose chonl is 352 ft. in length 
with a versed sine of 18*8 ft. The ratio of defiection to span is therefore as 1 : 18*72, and the 
coefficient of compression 2*4. 

The greatest weight upon the arches of the central span is 450 tons. 
Or per foot lineal, 450 -♦• 500 = 0*9 „ 

The weight upon the side arches will be nearly the same per lineal foot, and we will compute 

2 z 2 
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their oompiesBion by snpposing their whole length weighted down at the mme rate. This gives a 
total weight of 352 x 0-9 = 316*8 tons. Hence their compression at the foot of tower, 
816-8 X 2-4 = 760-32 tons. 

To illnstrate : 

Let d e. Fig. 1432, represent half the 
chord of the central arch, 258 ft long, 
ef twice the height of its rise, equal to 
80 ft., then thehypothenuse <f/ will form 
a tangent to the arch, and will measure 
270, omitting fractions. Now, the com- 
pression of this arch is represented by df, its horizontal thmst by cfe, and its vertical pressure 
by fe. Consequently, we find the horizontal thrust of the central arches (since the oompreseion ia 
449-57 X 1-70) 

764 X 258 
764 : « : : 270 : 258x = — 2=^ — ,or a? = 730 tons. 

Also let a 6, Fig. 1431, represent half the chord of the side arch, equal to 176 ft., and a c its double 
rise, equal to 37 '6, then 6 c represents the tangent, and will measure 180 ft. The horizontal thrust 

760 X 176 
of the arch is then found, 760 : jp = 180 : 176 x = — -^ — = 743 tons. There is a difference of 

loU 

13 tons on the part of the side aixsh, which is readily met by the strength of the lower chord and 

the stability of the foot of the tower. 

Again, let Fig. 1433 represent a rectangular triangle, where a 5 is one-half of the main span 

or 265 ft., 6 c twice the versed sine of the cables or 120 ft., then ac is the tangent, equal to 291, 

and represents the tension of the cable, while a 6 Ib its horizontal force, and 6 c its vertical pressure. 

265 X 764 
We therefore find the horizontal force or x; 291 : 265 : : 764 : ar = — ^~ = 696 tons. 

1434. 





In Fig. 1434, let a be the centre of the anchor-plate, ad a horizontal line 40 ft. long, h c vertical 
to it ; then make dc = 7*25, and d b = 4*0, a c will be = 40*65, and ab z= 40*20 ; ac represents 
the tangent of the arch, and a b the tangent of the cable. In order to find the horizontal force of 
tlie cable and arch at a, we must first ascertain their relative tension and compression at this point. 

Tons. 

The tension of the cable at the top of the tower is . . 764 

And in the centre of the curve . . 696 



Difference 68 

The decrease of tension being nearly uniform, we find the tension at the 

anchor-plate about 712 

The compression of the arch at the tower is 760 

And at the centre 743 



Difference 17 

The compression at the anchor-plate we find about 747 

We can now ascertain the horizontal force of the cable at the point a : 

712 V 40 
712 :» = 40-20 : 4000 or = ,A = 708 tons. 

40-2 

In the same way the horizontal thrust of the arches is found : 

747 X 40 
747 : a: = 40-65 : 40ar = ' ^^ = 753 tons. 

40-65 

The horizontal pressure of the arches is therefore 27 tons greater than the horizontal force of 
the cables. This excess is easily met by the resistance of the framing, composed of the upper and 
lower chords, and by the action of the abutment-stays. A few light tie-rods, extending from the 
anchor-plates to the lower chords, will also balance this excess. But if there was a necessity to 
estabUsn an exact balance between the horizontal action of the arches and cables, without changing 
the length of span, all that would be required is to shorten the full chord of the arch, and to 
increase its versed sine a few feet, which change would pass them through the upper chord. This 
change is not desirable, but may be met by increasing the height of the trusses to the same extent. 
Roebiing, however, prefers to leave the proportions as they are, because the ends of the side spans 
will be found in practice to need more stiffness than other parts of the work, and this will be 
obtained by an increase of stiffness in the arch. 

To add still more to the stiffness of the ends, four light wire-rope stays or ties have been intro- 
duced, of sufficient strength to prevent oscillations. To meet the horizontal action of these stays 
an excess of strength will be found in the upper and lower chords. Another object of these stays 
is to resist the downward pressure of the three wire-rope stays below the floor. The object of these 
stays is threefold. First, they will assist in preventing oscillations from passing loads ; secondly, 
they will resist the uplifting tendency of heavy storms and hurricanes ; and, thirdly, they will 
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neatly aasiflt the free end easy expanaion of the straotnre caused by a great increase of temperature* 
Such assistance is desirable in case of a single-track bridge, when care must be had to provide 
enough safeguards to maintain lateral stiffness and to prevent the structure from getting out of 
line. The great tendency of the cables to assume a vertical plane will of course contribute very 
much to the horizontal stability of the arches ; but it is still advisable to avail ourselves of such a 
cheap and effective auxiliary as will be provided by these under-floor stays. Their tension should 
be aojusted so that a maximum contraction in the winter caused by their own shrinkage and the 
shortening of the superstructure will not overtax their strength. But it will be observed that the 
tighter they are the more power they will possess to pull the structure back| when an increase of 
temperature occurs. On tnat side of the main span, where its whole len^:th, together with one 
side span, expands and contracts in one, still longer stays may be applied, if it should be found 
desirable ; and also heavy weights suspended to it to give them more deflection without an increase 
of tension, and thus to render them more efficient and safe in the performance of their task. 

The ends of the trusses are further secured verticallv, as well as laterally, by two wire-ropes, 
one on each side of the structure, anchored to the pier by joints, which will admit freely of the 
movement of the upper ends, where they are fastened to the top chords, in aocorduice with the 
contraction and expansion of the structure. 

Statical Condition of the Structure under the Action of variable Loads, — Suppose a maximum transitory 
weight of 750 tons evenl v distributed over the whole length of the central span, and no loads upon 
the side spans, what will be the statical condition? 

The following Table exhibits the relative portions of weight borne by the stays, the cables, and 
the arches of the central span when taxed with a maximum load, including superstructure. 



Borne by stays . . 
cables .. 
arches ..- 



n 

n 



Weight of 
Sapentructure. 



TranciUny 
Load. 



tODS. 

150 
290 
210 



Total 



050 



toils. 
174 
83G 
240 



Totol 
Weight 



tons. 
824 
020 
450 



750 



1400 



We will first consider the action of the stays. This action is twofold : first they exert a force 
upon the top of the tower, which may be resolved in a horizontal and vertical direction, and will 
be fully considered hereafter. Secondly, their force produces a horizontal tension as well as 
compression upon the lower chords. Now, as there is a system of stays on each side of the tower, 
if their horizontal action is the same, the compression of the chords on the one side will be met by 
the compression on the other side, and there will be eouilibrium. But if the side span is relieved 
of its transient load, while the main span remains loaded, then the equilibrium between the 
opposite stays will be disturbed. The tension of the stays on the side span being relieved, the 
top of the tower will slightly yield toward the main span, as far as will be permitted bv its inherent 
elasticity and stiffness. This will partially restore the lost tension of the stays, and the horizontal 
compression of the chords will remain nearly the same. No other change can result, because the 
stability of the towers will be maintained by the leverage of the side span, as will appear hereafter. 

Next, let us consider the condition of the central arches, under a pressure of 240 tons produced 
by the transitory load, without any corresponding weight upon the arches of the side spans. The 
compression at the foot of the arches, caused by the above weight, is 240 x 1 '7 = 408 tons, and 

the horizontal thrust, Fig. 1432, 408 x — = 390 tons. 

The ends of the arches being connected by the lower chords and framing of the floor, these 
parts will be exposed to this thrust most directly. Allowing 5 tons maximum tension a sq. in., 

a section of — = 78 sq. in. will be required. Now the lower chords are composed of eight 

channel-bars of 7i sq. in. section each, making 60 sq. in. Add the sections of the 9" girders, 
underneath the tracks, which are brought into full action by the braces at the towers, 18 sq. m. 

^ The exoeMof pressure of the central arches is therefore fully met. But the three spans form 
one continuous truss, and consequently a great resistance will also be offered by the upper chords 
and by the inherent stiffhess of the whole structure. It is therefore plain, that so far as the 
arches are concerned, their stabiHty and safety under the action of the heaviest transitory loads 

"^I*t remaSis^n^ to examine the conditions brought about by the united action of the cables and 
stays when taxed by a maximum load in the main span, without correspondmg loads m the side 

spans. Tom. 

The weight upon the cables caused by this load is found in the above Table .. 836 

And the tension at the top of towers, 836 X 1-22 JIO 

265 
The horizontal foroe acting at the saddle is found to be, Fig. 1433, *10 x ^ = 373 

Add to this the horizontal force produced by 12 stays J165 

Total 538 




Nov this combined force acts upon the top of the lowen, it* height serriug u b iever, with a 

tendency to lift the adjoiQing aide sjnii. The moment of this force, therefore, is 538 x 62 = 33356. 

The weight of superstructure of the middle sp&n was assumed at 650 tons, or per foot lisesl 

7-r-: = 1'3 ton. The weight of the side span per foot lineal is sboat I'Zlon. The length of 

the aide span is 327 feet. ConBequently its total weight, 327 X 1'2 — 392'4 tons. 

This weight mair now he BuppoHed m acting at the centre of the span, nod the leverage of its 
action in maiataining the Btabilit; of the whole, la equal to half the length of the span; otnua- 
quently the moment Of force is 392-* « 163-5 = 64157, 

But the end of the side span is held down and kept from rimog hj the staTs mideTDeath tin 
floor and by the two powerful wire-rope breces whiob secure their lateral position. These combined 
resiataDoes maj be estimated at 
liBst at 100 tons, and this 
acta with a leverage equal (o 
llie whole length of the side 
span; consequently its moment 
Is 327 X 100 = 32700. 

Total moment, 93,857, or 
nearly three times as murh as is 
neeiled to maintain an equilibrium. 

Tlie above iaveetigationa autho- 
rize the concluaioD that this Para- 
bolic Truss ia not only amply strong 
in all its different parts when uni- c 
formlylnaded, but that its safety and | 
stability are also amply provided 3 
for under the variable action of ^ 
maximum loads. lodced, when oom- ^ 

Sring the rates of allowaooes made 
this plan, with those usually 4 
observed with iron milwoy-bridgos 
in this country, where cnst iron is 
BO abuDilantiy made use of, it would 
alntost appear there is an unneces- 
sary strength provided for. 

SoUer-plattt. — The whole length 
of parabolic BiipetBtructiireislI84 ft., 
and forms one single oontinuouH 
trusB, whose integrity and continuity 
must not be interfered with in any 
way whatever. Uenoe the greet im- 
portance of providing for efBoient 
means to facilitate the free contrac- 
tion and eipansion of the work in 
consequenco of changes of tempem- 
ture. The supeistructure is perma- 
nently fasten^ and anchored upon 
one of the middle piers, and fiom 
this fixed point the side span ad- 
joining is allowed to expand and 
contract. A rollei^fmnie is there- 
fore pliiced npoQ the abutment, or 
upon the pier, which servos as such. X. 
On the opposite side, the middle 
span together with the side span con- 
tracts and expands as one, and con- 
feqaently roller-frames are placed . 
upon the second middle pier, as well r 
as upon the abutment. 

No strife or interference between 
the dilferent parts of the structure 
can take plane while this process of " 
ooulractioD and expansion is going 
on, because all parts are made of 
the same kind of material — wrought 
iron — and therefore the arches, J 
cables, chords, and towers will go a 
and come in the same relative ratio. ^ 
When the temperature increases, tbe p 
chords, arches, and cables will in- L 
crease their length, and the whole 
structure will bo lengthened out. 
The panel or trass posts will in- 
crease tlieit length : in the same 
ratio the arches will rise and the 
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cables will sink, preserying a uni- i^3T. 

fonn tension among the suspenders 
and panel-rods. At the same time 
the towers will raise their heads 
and compensate for the increased 
length of cables and stays. The 
whole truss may be considered as 
fastened to one metallic sheet in a 
vertical position, expanding or con- 
tracting in all directions. 

A bar of wrought iron 150,000 ft. 
in length will expand or contract 
1 ft. for every degree of change. 
Now assuming the extremes of tem- 
perature at 150°, the extreme limit 
of contraction and expansion of one 
middle and side span, which mea- 
sures 857 ft. in length, will be 

* 857 ft. The roller-plates on that 
abutment must therefore allow of 
this much play- Whether the tem- 
perature of the iron rises to 120^ 
in a July sun, or falls to 30° below 
zero in the dead of winter, we are 
sure that all parts of the structuro 
will freely accommodate themselves 
to these changes, and will never 
fail on that account to support their 
allotted parts. 

An inspection of the cross and 
longitudinal section of roller-plates. 
Fig. 1435, will make their simple 
construction perfectly plain. Both 
the upper and lower plates are of 
cast iron; the rollers between are 
of wrought iron. The inner faces 
of the plates must be planed off true, 
so that the bearing of the rollers, 
which are all turned off to the same 
diameter, will be even and uniform. 
It is customary to connect the rollers 
by a frame ; out this is an unneces- 
sary expense and no improvement. 
The edges of the rollers are slightly 
rounded off, say | in., and the plates 
confine the rollers between flanges 

1 in. deep. These flanges are sloped 
4 in., which prevents friction be- 
tween them and the rollers. At the 
same time the slope is too steep to 
admit of the mounting upon it of 
the edges of the rollers. To ensure 
parallelism between the rollers, they 
are placed together where the pres- 
sure is very great, and where the 
pressure is light, as in the case 
before us, they are spaced by insert- 
ing between them strips of seasoned pine-wood well soaked in linseed oil. With the weight of the 
structure upon the plates the rollers will keep their relative positions. It is easier and cheaper to 
ensure parallelism on this plan than by the employment of roller-frames. Steel rollers are some- 
times used in place of iron rollers. But this is objectionable in connection with cast-iron plates. 
The rollers on the towers of the Niagara Bridge are made of cannon-metal, and are 5 in. in diameter. 
When steel is used for rollers, both plates should be faced with steel ; if not, then the hard rollers 
will make an impression on the softer cast iron. 

The rollers exhibited. Fig. 1485, are 4' 4" long and 3" in diameter. The plates are 8" thick. 
The lower plate is well settle on a heavy bed of rich cement-mortar. The wooden stripe between 
the rollers are not represented on the plates which support the tower, Figs. 1430, 1437. 

Towers,— The towers are 62 ft. high above the roller-plates. Each tower, Figs. 1436, 1437, is 
composed of two shafts, which form parts of the trusses, and are firmly connected with the chords 
and arohes. Each of the shafts is composed of three columns, and each column again may be 
constructed either of four, six, or eight sections. Fig. 1438 exhibits a section of a column com- 
posed of six segments. In Figs. 14^, 1437, the columns are drawn with four segments only. The 
interior cirele of the column is assumed at 16 in. The shafts being 59' 2" high from the roller- 
plate to the saddle, the sections may be rolled about 20 or 30 ft. long, so as to break joints. Every 
joint must be covered by a splicing-plate inside. The intermediate plates which connect the 
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segments, also breaking joints with them, will likewise add to the firmness of the columns. Both 
ends of the columns are to be planed off true, and so must be the end of every intermediate piece, 
BO that every joint will make a tight fit. The respective columns of the opposite shafts are con- 
nected horizontally by a system of channel-bara ana diagonals, which will fully ensure their lateral 
security. This is further increased by two lattice-beams, which connect the cafit-iron saddles, aa 
is plainly exhibited in Fig. 1437. The top roller- 
plate being planed off on both sides, the lower ends ' 

of the columns will have a fair level seat upon them. ^ "N , 

The shafts are thus enclosed between the foot of the y^'^'^t^^s^dtF^ '' 

arches and the lower chords, and firmly connected / ** JPP^^fnP o \ 

with them laterally by fiat bars, angle-irons, and / IT^ ^^k \ 

stay-bolts. When the fianges of the inner channel- ( ^ g %^ J 

bars and those of the columns meet and interfere ^ ™L |g* "BS"^^ ^^ ^ 

with each other, they are cut away for a few inches. C ^'M W^ \ 

The truss-posts at the towers are also firmly con- \ ° ^L M ^ I 

nected with the shafts, and so are the upper chords, \ o^^^^^K^o / 

and these connections will add much to the strength ^— ^ 

of the structure. In the direction of ^e trusses each \^__^^ 

tower is further secured by four lattice-braces which 
run between the chords and arches. The stability of the towers in this direction is also increased 
by the stays, and in a lateral direction two powerful wire-rope guvs add to their security. These 
guys serve as anchors, and being hinged at the lower ends, will not interfere with the free con- 
traction and expansion of the structure. To guard against lateral vibration of the lattice-bracea, 
their outer chords are strengthened bv plat^ 12 in. wide and \ in. thick, riveted to a heavy 
T-bar which connects with the lattice-oars. Figs. 1560 to 1563. 

It will be noticed that the towers, forming one connected whole with the trusses and arches, 
will move freely on the roller-plates along with the rest when affected by contraction and expan- 
sion on tliat pier which is provided with rollers. On the other piers the towers are stationary. 

The greatest vertical pressure upon one tower (two shafts) is equal to 950 tons. Allowing 4 tons 

950 
maximum compression for 1 sq. in. section of iron, we should require —r- = 237| sq. in., or 

118} sq. in. in each shaft. In place of this, we have allowed a section of 150 sq. in., which 
reduces the pressure upon each superficial inch to 3*16 tons at the top of the tower. As we 
debcend, the strength increases considerably by aid of the lattice, and when the upper chords are 
reached the strength is nearly doubled. We are therefore sure that ample allowance is made for 
the supporting power of the towers. 

Saddles. — The saddles on top of the towers are of oast iron, 8 ft. long by 3 ft. 6 in. wide at the 
bottom plate. The construction is given in Figs. 1436, 1437. The lower face is planed off, so 
that when the top of the columns is brought to a level, the two surfaces will have a fair and equal 
bearing. In order now to secure the siuidle horizontally, six small segmental plates are fitted 
around each column, and secured to the bottom of the saddle by set screws. To do this, an exact 
template should be formed of the top of the shaft, before the saddle is hoisted ; then the holes may 
be marked off for the set screws, and sunk into the saddle : the small plates can then be screwed 
on to its lower side before the saddle is finally put in place. 

The inside section of the saddle is so shaped that the wire-ropes for supporting the cables and 
btays will occupy their relative positions. Four ropes are placed in the bottom row ; they, together 
with the two outside ropes of the next tier, compose the six stays. The next three middle ropes, 
the second tiers, form the lowest layer of the cable. 

Two forged pieces of wrought iron 4" x 6", with triangular pieces underneath, are let into the 
four notches of the sides of the saddle and screwed down for the purpose of securing the cables and 
to prevent sliding. This being done, the cables and tower now form one. When tnere is a greater 
strain on one side than on the other, the elasticity of the tower will admit of sufScient yield to 
ec£ualize the difference. 

Anchor-piaUs. — The end of each cable is secured to a cast-iron plate, which at the same time 
serves for the arch to butt n gainst, and thus the two are made to balance each other. Figs. 1439 
to 1441 exhibit views of both faces of the plate, and also a section in which the fastening of 
the ends of the wire-rojpes is made clear. Ihe dimensions of the plates are 4' 2" X 3' 8", with 
a thickness of metal oi 8" in the centre and 3"' around the sides, strengthened by ribs. A cable 
being composed of nineteen ropes or smaller cables (twisted or not), there are nineteen correspond- 
ing holes for their reception. These holes are conically shaped, we larger opening having twice 
the diameter of the smaller one. Some of the large openings are ellipticaUy shaped, in order to 
gain room. That face which serves as an abutment for the channel-bims, composing the arch, la 
to be planed off to admit of a fair bearing. The weight of the plate is supported by its upper 
flange, which rests upon the ends of the upper channel-bars. A further support is provided by 
two cast-iron posts which fit against the face of the end truss-poets and are bolted to it. It 
remains now to convey a clear idea of the manner of securing the ends of the small cables within 
the plate. This is done by spreading apart the different wire-strands and wires which compose a 
rope, and inserting a number of iron points between them in such a manner that the whole span 
inside of the conical hole is filled out solid. Fig. 1440. By these means the end of the rope is 
swelled out into a conical lump 8 in. long, which cannot slip out of the plate without bursting it. 

It is important that these plates should be cast of the strongest metal — good, strong, cold-blast 
charcoal metal — such as is used for the manufacture of good car-wheels. The points driven 
in between the wires may vary in length as well as in thickness. First drive in a number of long 
ones, 6 to 8 in. in length, about | in. in diameter at the thick end and gradually reduced to a 
point, filed off round and dipped in linseed oil before driving, to make them go easy. Also pour 
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•ome liiueed oil between the wizot, to make them imooth. The oil will preveDt the itaTinR np of 
the wires uid facilitate the prooeaa. After fllliog np the remaimog spcMei with ihorter and thin- 
ner points, then cut off nj,, 
the eadu of the wiiea ^ 
piojectina; over the plate '' 
even witn it, one after 
another, and bend their 
euda to a right angle 
over the ends of Uic 
poiota. This being ao- 
oompliahed, appl; a claf 
mould aiDUod the whole, 
to aa to form a raiaed 
lim, and pour in molted 
lead, which wUl fill M 
the remaining intersticcB 
and make the whole one 
oompacl maaa. After re- 
moral of the mould apply 
the hammer to malre the 
lead solid, file it amooth, 
and round it off a little 
to give it a flniah. To 
insert tho ends of the 
ropes without trouble, it 
la neccMuy to wrap them 
well with annealed wire ; 
and aa the end is forced 
in, the wrappings will he 
pushed back. 

Sla^i. — Similar to the 
plan juat deacribed in 
the method of fattening 
the ends of the staya: 
with this difference — 
that each atay-nipe has 
a east-iron socket for 
itself. ThU socket, to- 
other with the wrought- 
iron stirrup which holds 
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. 9 represented by Figs, 
1442 to 1445. The stirrup is made of round iron 
1-i" diameter, Emd varies in length to suit the 
inclination of the stay. Where the stirrup passea 
around the floor-beam, a small segmental casting, 
forming a seat for the atirrup, is fitted against 
the beam, for the purpose of giving the stirrni 
a fair bearing. The bcrews tnunt be long enough 
to tighten the stays. To preserve their straight 
lines, they are oaunected with the suspenders by 
wire wranpings. 

It will be noticed that the stays 
suspenders, together with the cables, i 
pended in one vertical plane which peu»es through 
the centre of the 2-ft. space left open between 
the two TOWS of tnigs-posta. The cross-bars 
connecting each pair of posts are not to be put 
up until the stays, cables, and suspenders have 
been placed and flied in their position. 

At the ends of the tmsaes four small stays 
may be noticed, which are provided for the pur- 
pose of guarding against vibtations at those 
points, and also to add to the supporting strength. 
The upper and lower chords being necessary. In- 
dependent of support; their strength is thereby 
brought into plaj. Accordingly as much tension 
ia thrown upon the stay-ropca aa the leaistanoo 
of the chords will permit. The ropes are double, 
and their diameter varies from 1 to 2 in. 

OiWiu,— There are two wire-c»blei one on each 
aide, suspended in vertical planes between tlie 
double rows of truss-poats. Each cable is com- 
poaed of 19 wire-ropes of 2} in. diameter. The 
maximum tenajon of the two cables at the tower i 
696 tons. Dividing 7M by 36, 
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rii times tlie etrength, we have for the nltiinale atrcDgtb of each rope 120'6 tonB. Although the 
tension of the cables ia less in the centra, the eame Bectioo imd strength are obeerred throughoat. 
A cliain may be tapered, bnt it would be false economy to attempt it in s cable. Fig. I44C shows 
a seclioQ of one cable on s larger scale. The nineteen ropes are suspended in five laveta, and 
care must bo had to preserve the relative position of each layer, bb well as of each individual rope, 
tbronghout its length, so that the onion of the whole nineteen will in section form ahexagou. The 
soepeaders being attached ever; 10 ft., a strap is laid around the cable, and screwed up tight, to 
preserve its form. These straps sboijd be made b; aboat three different patterns, to snit the 
iDclioation of the different parts of the cables. When patting them on, the; are he ' * 
hand-forge, and a atrip of sheet iron is laid over the cable to prevent heatiitg tl 
clofling, they are oooled by pouring on water. 

To heep snow and wet oat of the cables, they 
should be protected by ahalf-ciroiilarcovec made 
of tin, secured to the straps by small wire wrap- 
pings. This is indicated in Figs. 1-116 to 1449. 

A aniform tension of the ropes is easily ob- 



1 the anchor-plate; then adjust the 
rope in the saddles with a proper deflection at 
the lowest point of esoh span. Then pass the 
other end through the ouier plate, open the 
seven strands, and pass the centre one throngh 
a conical tube 7 in. long, wide enough at the 
small end to admit the s^and, and at the other 
end enlarged to double the diameter. The whole 
rope being a little longer than necessary, say 
I to 2 ft., the centre may be fastened tempo- 
rarily or anchored back, preserving at the same 
time its central position m the hole. By slaclc- 
eniug or tightening this centre now, the position 
of the rope in the cable may be adjusted. When 
right, drive the hollow tube into the anchor- 
plate some distance, and at the same time insert e, 
Dumberof large points, and drive them all in uni- 
formly. When all the kirge pins are in, the centre 
may be released, and the untwisted wires maj 
be cut off the right length. Then insert thinner 
points in the centre tube, and All it, and com- 
plete thewhole. To give a support to the anchor- 
plate, it is of course necessary to put up the 
trnss-posts as far as they rest on the abutment, 
and to secure them temporarily by timber- 
bracing. And it will also be necessary to pro- 
vide for a temporary anchorage of the anchor- 
plate itself before the arches are put up. This 
way be done by extending a few wire-ropes from 
the anchor-plate and poets to the next pier or 
abutment, and secure tnem ; and if this masonry 
is not strong enough, a temporary anchorage «C 
timber and stone must be put on shore, of suffi- 
cient strength to resist the pull of the cables. 

The same wire-ropes which are to be used for j^^ i44f 

the abutment-stays and for the storm-cables, 

and which are to be delivered in longooils, may be advantageously used for this temporary anchor- 
age with very little loss or waste. 

The tension of each full cable, resulting from their weight when freely suspended, will be 
63 tons; and this has to be fully nlet and supported. By the useof a few railroad ban laid across 
the posts above and below the anchor-plates, and by passing stirrups or chains around them, the 
anchor-ropes may be attached. On the shore they may be fastened to similat bars, plooed in an 
excavation, the bars to be secnred to a rough framework of timber and plank, and this may be kept 
in its place by earth, gravel, stone, and other heavy material ; it may also be aflsisted by braces. 
Piles may also be driven to increase the resistance of this temporary anchorage. 

In order to put up the arches and other parts of the superstructure, a temporary platform and 
footway will have to be suepended. Ab to the cables, a light foot-bridge under each will be all- 
sufficient, and the same anchorage which answers for the main cables will answer for the fool-bridge 
cables. It should be observed here, that the temporary anchorage should be made strong enoagb 
to resist a pressure of about 400 tons, because this much tension may be produced by the cables 
while erecting the superstructure. 

While putting the ropes in the cables, they should receive another coat of durable paint 
Allowance must be made for the stretch of the cables. All wire will stretch, whether made of 
Bteeloriron. ANo. 8 steel wire of good quality, capable of supporting a weight of 3OO0 to 3400 Iba, 
and 5 ft. long, will stretch I in. before breaking. After being taxed with a full load for some time, 
the stretch of the cables will cease, because the material will have assumed a permanent set After 
this, no more elongation will take place. The deflection of the cables in the main span, after the 
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wire has attained a permanent set, is to be 60 ft. An allowance of 1 to 2 ft. ehonld be made for 
settlement. If the cables are well made, 1 ft. will be enough ; but if poorly made, 3 ft. may not be 
sufficient. To be more explicit, the cables should be suspended with a deflection of, say 58 fk., if 
well made, and if not, 56 to 57 ft. will be safer. 

In order to make the cables bear their allotted portion, the suspenders have to be screwed up 
repeatedly after full trains have passed over the wonc. The permanent set of the cables will make 
itself felt distinctly if attention be paid to it. On the other hand, it would be wrong to tax them 
too much, and thereby relieve the arches to an undue degree. A proper adjustment may at firat 
sight appear to be impossible, or at any rate attended wim great difficulty. But if the (urections 
given here are strictly carried out, this adjustment may be readily accomplished. 

The weight of the superstructure which is to be borne by the caoles of the main span is 290 tons. 

290 
The number of suspenders is 96, and therefore the weight borne by each is -^r^ =3*02 tons. 

96 

Each suspender being attached to a stirrup which has two screws, the weights to be borne by each 

single screw will be 1) ton, or 3000 lbs. Kow practise a few intelligent men in raising a weight of 

3000 lbs. by such a screw, using a screw-wrench of a certain length, say 18 in. The screws should 

be well cut, so as to run easy and smooth. No stirrup should go into the work without haying the 

screws well examined, well cleaned, run smooth, and oiled. 

The handles of the wrenches should be just long enough to require the ayerage strength of a 
man's arm. To make this operation still more certain, the wrench may be tested oy a suspended 
weight, so that the men can compare their strength with the actual weight. Much depends upon 
the cut of the screws ; with good unifonn threads, eyery suspender must be brought to a fair and 
equal bearing. 

The length of the suspenders being calculated, they are manufactured accordingly, and put in 
place : but the theoretical length will never exactly agree with the actual length, and the differ- 
ence is made up by screwing. The above remarks on suspenders wHl equally apply to the stays. 
The ultimate strength of each stay is 100 tons, and they are calculated to bear an ultimate tension 
of ^ or 20 tons, caused by the superstructure and a maximum load. Now, the proportion of weight 
of superstructure to that of maximum load which falls upon the stays is as 150 : 174, as will be 
seen in the Table of relative loads ; consequently they may be screwed up to a tension of about 
9 tons, and this is accomplished with a wrench of about 3| to 4 ft. long. 

After the cables have obtained their permanent set, and the suspenders and stays have been 
adjusted, no more attention need be paid to this part of the structure. The relative supporting 
power of the cables, stays, and arches will remain unaltered, they will not undergo any further 
change. And as changes of temperature will influence the aches as well as the cables alike, no 
strife between the different memoers can arise on that account. 

The curve formed by a cable when freely suspended and not loaded, will be that of a catenary, 
because the weight of a unit of cable is supposed to be the same throughout its length. But with 
a weighty horizontal platform suspended to the cables their curve is changed, and will be found 
to correspond more to a parabola than to a catenary. The suspenders may accordingly be calcu- 
lated for a parabola, but it will be found in practice that they vary, and sometimes considerably, 
from both curves. The screws at the ends of the suspenders will be the means of adjustment. 
But another change in the curvature of the cables will take place when the stays are tightened 
and begin to relieve the cables at those points. They will then be lowered in the centre and 
raised near the towers. Allowance must be made for this in the length of the suspenders, so far 
as the stays extend. 

Siupmders, — The maximum weight borne by the 96 suspenders of the middle span is 626 t<nis. 
Each suspender, therefore, has to support 6^^ tons. Allowing seven times the strength, we want 
for the wire-rope suspenders an ultimate strength of 45 tons, or 1{" diameter rope. 

Figs. 1444, 1445, show a wire-rope suspender, both ends fastened in wrought-iron sockets, and 
the lower socket attached to a stirrup which passes around the floor-beam. Figs. 1447 to 1449 
exhibit one of the short, solid suspenders hung to the cable-strap and to the stirrup below. The 
rods are 1^" diameter, and the stirrups H" diameter. These dimensions may appear extravagant, 
but when it is considered that under a heavy passing load, every single suspender is taxed more 
than its general proportion, this large allowance will be justified. 

Chords, — The arrangement of the upper and lower chords is plainly exhibited on the plans. 
Figs. 1436, 1437, show it more particularly. The 9-in. channel-bars composing them extend from 
end to end without interruption. The lower chords are not plated underneath at any point. 
This is not wanted on account of strength, and their lateral stiffhess is amply ensured by the 
floor-beams, by the plates to which the tie-rods are secured, and by the stay-bolts. Nor are the 
upper chords plated on top, except in the side spans from the end of the truss to the point where 
the cable enters. These top plates are } in. tMck and 50 in. wide. The cross-beams are here 
placed on top of these plates and riveted to it. 

The splicing of the chords is done in the same manner as that of the arches. Whenever a 
stay-bolt is applied to the chords it is passed through a gas-tube, which is cut off on the lathe to 
the right length, and thus a flrm and simple connection is made. In order to meet the thrust of 
the arches, in excess in the one span, while no load is on the other, a section of 60 sq. in. was 
found to be necessary for the lower chords. The horizontal action of the stays at the tower is 
compressional only, and does i\ot add to the tensile strength of the arches. The horizontal action 
upon the chords, which results from the diagonal rods in the panels, is balanced in each panel, 
and requires therefore but little section. 

A section of 6 sq. in. for the channel-bars of the upper chords will be an ample allowance. 
The same section may be observed throughout the length of chord. It is, however, necessary to 
make the splices of the lower chords as strong as the channel-bars themselves, so that they may 
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resist a full tensile strain, which may be brought upon them by the arches when the spans are 
unequally loaded. 

Potis, — The poets are of the beam section, and 9 in. wide or deep ; Figs. 1450, 1451, exhibit 
sections on a larger scale : the weight is 25 lbs. a foot. All the posts are 22 ft long, except those 
in the centre span, which vary from 22 to 44 ft. 

Each truss consists of two rows of posts planted 24 in. apart, in which open spaces the cables, 
stays, and suspenders are freely suspended. They are firmly connected by horizontal bars If in. 
s(}uare : the ends of these bars are spread out so that they will give room for 4 rivets of f in. 
diameter, to be fastened upon the flanges of the posts. Each cross-bar is therefore held by 
8 rivets. 

In order to increase the lateral stifihess and stability of the trusses, the intervening space 
between the posts may be enlarged to 30 or 36 in. ; and the connecting-bars should then be 2 in. 
in place of If square. The vertical stiffness of the posts in the direction of the trusses is aided by 
horizontal connecting-bars at the centre. These bars are only 1 in. diameter, mss through the 
web of the posts, and are simply screwed up by a nut at the end, as is shown, Figs. 1450, 1451. 
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By tightening these bars uniformly, the lateral position of the posts is secured 
and vibration prevented. This provision is very necessary, on account of the 
great length of the posts. 

Arches.— ^\iB arches are formed of channel-bars, Fig. 1452. The posts 
being 20 ft. apart, the channel-bars are rolled of the same length so that the 
splices all come upon the posts. It will be noticed that the connections with the 
splicinpj-plates are made with screw-bolts, and not with rivets. This will greatly 
facilitate the putting up and adjustment of the arches. One of the practical 
difficulties in putting up such work is to make the ends meet, and to make a 
tight and workmanlike fit, so important in arches and chords. This difficulty is much increased by 
great variations of temperature, and hence the importance of using screw-bolts in place of rivets. 
The bars may at first be put together loosely and without any tight fit, by using small bolts tempo- 
rarily, which are to be removed after the joints are brought to a close. £kch pair of splicing-plates, 
opposite each other, is connected by six bolts of |^ in. diameter, or three on each side of a post ; on 
bemg drawn tight, they embrace them solid and firm. In order to screw these up tight, they must 
not be enclosed in tubes. The remaining four bolts, on the other hand, are passed through gas-tubes 
9 in. long and 1 in. wide, which therefore preserve the distance between the channels and serve as 
stay-bolts. Two small plates 4 in. x 7 in. x ^ in. thick are riveted to the post and fitted between 
the channels. Two of the channels are therefore firmly enclosed between these plates and the 
brackets. To add still further to the stifihess of the splices, the cross-channels which connect the 
two lines of trusses are filled in between and firmly bolted to the posts, while at the same time 
their fianges are riveted to the fianges of the arches. When the latter cross the poets obliquely, 
the cross-channels have to be heated and swedged in a block by pressure, so as to fit the oblique 
section. By using wedges of different shapes to correspond to the inclination of the arch, one 
press or one pair of bloc^ or dies will do for the whole. If the cost of such a press is objected to, 
the fianges of the cross-channels mav be cut out and the stem only bolted to the post. 

So far as the arches rise above the upper chords in the central span, the upper channels are 
connected by a top-plate of \ in. thick riveted to the upper flanges. Laterally, between the posts 
in each panel, the arches are again connected by four channels of 50 in. length each, and also by 
stay-bolts passing through gas-tubes. 

Where the arches rise above the upper chords, the channels forming the latter are cut out and 
planed off to the proper level to make a good fit. Splicing-plates are then riveted over the joint, 
and the respective fianges are also connected by rivets. At the same time a plate of 4 ft. long by 
2 ft. wide and } in. thick is riveted down on top, so as to cover all the joints. The depth of each 
arch is 41 in., and its width 4 ffc. 

Considered as a straight girder freely spanning a distance of 60 ft., this combination would be 
stiff enough for railroad traffic. But its inherent stiffness is not calculated to serve as a supporting 
power, but to resist lateral defiection like a column. A round column is, of course, the best geo- 
metrical section for gaining lateral strength. But a columnar section in wrought iron for the 
purposes of an arch, presento manv difficulties and objections. What would be gained in section 
woidd be more than lost in reduced strength of framing. 

The great facilities of construction which the plan before us offers, must not be underrated. 
And when we consider the small section of wrought iron that is needed to make the arches 
effective, this plan will compare favourably with other plans heretofore attempted. The arches 
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of the Ck>blenz Bridge over the Rhine are 308 ft. wide in the clear. Each rib is 10 ft. 6 in. deep, 
with upper and lower flanges. The flanges of the centre rib are 3 ft. 2 in., and those of the enter 
ribs 2 ft. 2 in. wide. These arched ribs have been treated as flexible tmaaes, consequently the 
upper and lower flanges have been graduated like chords, with the greatest section in the centre. 
The upper and lower chords are connected by posts and diagonal braces. This work is considered 
a model work ; it is well proportioned and possesses ample strenf^rth. The stiffness is in the arches 
alone, and no attempt has been made to increase it by spandril-bracing. Its rigidity is owing, in 
a great measure, to the placing of the floor below the crown of the arch. 

The question arises, whether flanged arches with greater inherent stiiiViess would not be better 
adapted to the Parabolic Truss, than the arches here designed ? So far as simple supporting power 
is considered, under the action of uniformly-distributed loads there would be no difference between 
the two plans. As regards stiffness, under the action of variable loads, however, the plan here 
proposed, with its great depth of trussing, will produce more rigidity, with the same amount of 
material expended, than would result from flanged arches. This view will apply with still greater 
force, when the arch descends below the lower chords. The depth of ribs in the Coblenz Bridge 
is 10 ft. 6 in., and the clear span 308 ft. (Prussian measure), a proportion of about 1 in 30. This 
depth would evidently be entirely too small for a straight girder of 308 ft. span, but it would be 
enough for a span of 100 ft. 

In the Coblenz Bridge, the floor intersects the girders or ribs at the lower chord, and we may 
therefore consider the whole arch, so far as stiffness is concerned, as divided into three equal parts. 
The central part is stiffened by the floor, and the spandrils are stiffened by the posts which support 
the floor. But no further bracing has been attempted in the spandriLs, on account of contraction 
and expansion ; but this appears to be a defect, because an expenditure of very little additional 
material would have greatly added to the rigidity and strength of the work without materially 
interfering with contraction and expansion. It must be remarked^ however, that the leading idea 
in the design of this celebrated viaduct was to interfere with the arches as little as possible, and 
to depend upon their own inherent stiffness, so that the ribs should be at liberty to accommodate 
themselves freely to variations of temperature. This same view led to the planning of the pivot skew- 
backs ; but this defect has been corrected since by making the bearings of the dcewbac^ all solid. 

When we omit the arches in our plan, considering the structure as a pure suspension-bridge, 
and compare its stiffness with that of the Niagara Bridge, we discover that the truss here desi^etl 
possesses ample stiffness for all railroad purposes. The Niagara trusses are only 18 ft. high; 
those before us are 22 ft., with a span of 500 ft. ; while the Niagara span is over 800. In the 
Niagara Bridge the truss-posts are 6 ft. apart : here they are 20 ft. The Parabolic Trusses being 
double, there are four diagonal rods of I| in. diameter in a panel of 20 ft., while there are two rods 
of 1^ in. in a panel of 5 ft. at Niagara. On the other hand again, the Parabolic Trusses are all of 
iron and have comparatively very strong chords, while the Niagara framing is of wood, with light 
chords, which are, however, very materially assisted by the floors and the central girders, which 
latter distribute the weight of concentrated loads. 

Roebling concludes that the trusses before us (without including the feature of the archX will 
be ouite as stiff as are the Niagara trusses. 

when compressive action takes place in chords and arches, experieni*e has demonstrated that 
4 tons of 2000 lbs. each, or 8000 lbs. a sq. in. maximum pressure, is as much as soft, puddled iron 
should ever be taxed. But this resistance depends so much upon lateral conditions that the 
above allowance of 4 tons would scarcely be safe for single arches not assisted by cables. But the 
great feature of safety in the Parabolic Truss is the cable. The arch is only an auxiliary to the 
cable. With ordinary loads, the cables and btays will support the greatest part oi the strains ; 
and the more they are strained the greater their tendency to maintain their vertical positions, and 
to assist the arches in preserving their true alignment. Lateral flexure ia the great danger to arc/tts. 
The more jointed and articulated the system is, the greater this danger. Now, these considerations 
must be taken into view when deciding upon the choice of material for the arches. The question 
of steel or iron is of course a question of comparative estimate. But if, for instance, we allow 
8000 lbs. maximum compression for iron, and 12,000 lbs. for a mild steel, and the steel arch costs 
the same as the iron arch, both possessing the same supporting strength, then the iron arch should 
be preferred to the steel arch, for the following reasons : — 

1. The greater section of the iron arch will ensure greater lateral stiffhess than can be obtained 
Anom the diminished section of soft steel. 

2. The greater weight of the iron structure adds to its stability under the action of variable 
loads in direct proportion to its superior weight when compared with steel. Vibrations caused by 
fast-moving trains will be felt more by the lighter structure than by the heavier one. 

One of the best features of the Parabolic Truss, as here designed, is, that the principal 
members of this system are nearly uniform in their sections, and that they are not alternately 
exposed to such opposite strains as compression and tension in succession. 

The cables and stays experience tensile strains only, while the arches are exposed to compressive 
action alone. This feature will add much to the lifetime of the structure. 

An objection may be raised to the parabolic form of the arches, because of the variation of 
bevels at the joints. The difference, however, between the segment of a circle and the parabolic 
curve, with the proportions here observed, is so small, that the substitution of the one for the 
other win not have the slightest practical influence. It will therefore facilitate the work, to cut 
all the ioints to the same bevel for a circular arch. Respecting the cables, however, the suspenders 
should oe calculated for a parabolic curve. 

Floor^ams, — The beams supporting the railroad track are 5 ft. apart and 12 in. deep, and 
weigh 40 lbs. a lineal foot. If manufactured of good iron, a load of 23 tons, equally distributed, 
will not produce a sensible deflection, and a load of 15 tons on the two rails will be within its 
elasiio limit. The lower flange of each beam is riveted to the upper flanges of the channel-bars com* 
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podng the chorda, siiteen liveta of | in. diamoter for e&ch beun. ThU fonni a very stiff boriiMital 
oonnection of the oppoaite chords, and rendera all farther diBgonal bracing unneoeesary. Thia etiff- 
neaa U further increoBed bjthe 9-iii. girders, mnniiig leagthways andemeath, rireted tothe beams, 
and coQDeoted with the timber Btringere, the rails, and the bn&chings bj Btirmps 2 ft. 6 ia. apart. 
The upper joints, connecting the ajcbes and upper chorda, are caannels 7 in. depth, of a light 
section, one on each aide of a post bolted to it and rivetod to the flanges of the arches and chonls. 
Fig. I4S3, which is a seotion on the abntment, fully eiplaina the details. So far as the upper 
chords in the aide spans are plated, the joints are of 7-in. beam section in place of ohauieLi, their 



chords in the side spans are plated, the joints are of ' 
bvei flanges riveted to the pUtee, Figt 1154, 14SS. 




Diagonali in Paneli.—The object of the panel-rods is to impart etifihess. and to spread any 
concentrated presaore over a large eitent of tmsa. In the centre of the main span, the pressure 
upon any point is spread by these rods over 4 panels, or 60 ft. of length of tmn. For every row 
of posts there is a jilane of diagonals; oonaeqoently there are 4 lines, each rod IJ in. diameter, with 
BCrew-ends proportionally enlarged. 

Fig. U5* eirplains how two diagonals are joined in one, and how thej are bolted to the stem 
of the post, between the npper chords. 

It will be noticed that these rods all radiate toward central screw-rings, for the pnrpoee oT 
screwing them np to a proper tension, and thus to impart stiffness to the framing. 

Any load npon any one point will make an impreasion upon 2 to 8 floor-beams, and 16 rods, of 
1 J in. diameter each, will be brought in to service, and distribute the weight over a large exleolof truss. 

Siorrn-caWej.— The arrangement of the Btorra-cablea u fully explained by an inspection of Pigs. 
1428, 1429. Two wiro-ropca of an ultimate strength of 100 tons each are suspended below the 
floor in such a manner as to form parabolic curves. By this plan no longitudinal strains are 
thrown npon the superstructure. All the attains are dirccled upon the floor-beams, and are 
regnlated by screw-bolts to give the cables a proper tension. The horizontal deflection of these 
cables in the centre span is 41 ft., or about ^ of the apen, and therefore the coefficient of tension 
is 1-70. If we assume now that the force of a high wind ahnuld be so great as to prodace a 
uniform horizontal pressure against the slmoture eqiaal to 20 loua, then the stioin on the cable 
would be 1-70 X 20 = 34 tona, or about J of ite breaking strength. This lenaion might be 
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inoreftsed even to 50 tons vithont at all endangering the safety of the cables. Bat little surface 
is exposed to the wind yertically as well as horizontally. 

It is well known that on a structure suspended at a high eleyation, the wind exerts more of an 
uplifting power than of a horizontal action. The uplifting force is amply met by the weight of 
the structure itself. Estimating the vertical area exposed to horizontal action at 3000 sq. ft. and 
a pressure of 80 lbs. a sq. ft. applied all over, the aggregate pressure would be 90,000 lbs., and 
would be met by the strengh of the cables. In tMs calculation no allowance is made for the 
inherent stiffness of the horizontal framing at the upper and lower chords and the top of the arches. 

As 'has been remarked before, an objectionable feature in the plan before us is the great 
height of the arches in the centre of the main span, and its tendency to lateral oscillations under 
the action of fast-moving trains or from the effects of heavy gusts of wind. Where, therefore, a 
necessity exists to preserve the whole space below the lower chords dear of all obstruction, either 
a double bridge muiat be erected at once, the two connected together, or a more effective horizontal 
bracing must do put up in localities which are exposed to very high winds or hurricanes. This 
horizontal security can be increased by heavier diagonal ties between the upper chords and arches, 
by doubling the storm-cables and by adding diagonal bracing. Any amount of security may thus 
be obtained. It will be noticed that the contractions and expansions of the storm-cables from 
changes of temperature are not at variance with those of the trusses, because they form one con- 
nected whole, and will always move together. 

Method of Baising the Superstructure.—A most important question is the practicability, safety, 
and cost of erecting the superstructure of such large spans as here proposed. Short spans may be 
raised on temporary scaffolding, one span at a thne, with facility and little risk. But the task of 
putting in place spans of great dimensions in a river which is subject to sudden rises, full of float- 
ing debriSy and with an unstable bed, is formidable, and may in certain stages and at certain 
seasons become impracticable. 

The history of the erection of the 500 ft. span of the Euilenburg Bridge in Holland has fur- 
nished a practical demonstration of the difficulties involved in such an enterprise. Before the 
entire completion of the large span of that worl^ a heavy gale sprung up and demolished all the 
scaffolding, but left the trusses unaffected, their bearing parts having been previously all safely 
connected. Had this high wind occurred a few days sooner, the whole superstructure would have 
been thrown down a total wreck. 

It may be of interest to notice here the method pursued by the contractor of the Goblenz Bridge 
(the same who put up the Euilenburg Bridge) in raising the three arches of that work. The two 
halves of the archea ribs were completed on shore, then launched and floated on boats to their 
destination, whence they were raised to their permanent position and connected. The raising 
was done by a hydraulic press supported on a temporary scaffolding put up in the centre of the 
span. Arcnes of a little over 800 ft. may be managed in that way quite successfully and econo- 
mically. But when the span is doubled, the drawbacks attcDding this process are also doubled, 
and it will be wise to consider other methods. 

In comparing different plans of raising, the questions of relative economy and of speed of 
execution are of much less importance than is the question of safety. That method should be 
adopted which ensures absolute safety under all circumstances. Fortunately, the plans of super- 
structure here proposed, while exhibiting economy and strength, also admit of the safest mode of 
erection. The Parabolic Truss, as here devised and modifled, is a combination of the suspension - 
cable and of the arch. If, therefore, we suspend the cable first, we may afterward suspend the 
arch to it, independent of scaffolding, flood, or ice. The whole work may be put up in this man- 
ner, without the use of any scaffolding whatever. Should the season and stage of water, however, 
be favourable to scaffolding, then a few light bends should be used, supported on piles and 
connected with the suspenaed platform by nemp-rope lashings, in such a manner that in the 
emergency of a sudden rise, the lashings may be cut in a few minutes, and the bends allowed to 
float off without doing any further harm. A few such light scaffold-fhkmes put up, say every 50 
or 100 ft., will much assist in preserving the proper level of the suspended platform, and therefore 
facilitate the joining of the various members of the structure. Those, particularly, who are with- 
out experience in suspended structures will find the assistance of bends very usefuL But they 
are not a necessity, only a convenient auxiliary. 

After the masonry of the first central pier has been completed, the erection of the wrought- 
iron shafts composing the tower will be commenced, and the saddles placed on top and secured. 
On the second centre pier where the superstructure is not to be fixed permanently, out allowed to 
contract and expand freely, the roller-plates and rollers have to be laid down first, before the 
erection of the towers can be proceeded with. The same must be done on the abutments. First 
lay down the roller-plates, then put up ^e posts, choids, and transverse beams, so far as the 
masonry furnishes support. Also put up the anchor-plates, and secure these to the poets. It is 
also necessary to secure the stability of the ends of the trusses on the abutment still further by 
temporary wooden and iron braces. Great security will be obtained from the lateral wire-rope 
braces, when put up and screwed tight. 

A temporary anchorage will now have to be prepared for the purpose of meeting the strains 
caused by the cables. The wire-ropes provided for the storm-cables may be used for this purpose. 

By making an excavation about 10 ft. deep and 25 ft. long by 25 ft. wide, and driving a few 
piles in front, using some of the 12-in. iron beams, railroad bars, timber, and stone, a temporary 
anchorage may be made, which will safely resist a strain of 500 tons. 

In Older to have the means of regulating the tension of the temporary anchor-cables, and to 
provide, to a certain extent, for contraction and expansion while engaged in raising, it will be 
advisable to deflect the anchor-cables a few feet, and anchor them in the centre between the 
anchorage and abutment to another temporary anchorage, by means of long screw-bolts and 
stirrups, or by block and tackle. This will afford the means of allowing the anchor-plates to 
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move forward towards the river just enough to close the arches and chords. Allowance mnst 
also be made for stretching the cables. 

We have now proceed^ far enough to take across the river two of the smaller cables or ropes 
which are to form parts of the large cables. An easy mode of accomplishing this will be to remove 
the reel which contains one coil of wire-rope upon the deck of a flat ooat or barge, and to mount it 
upon a strong, well-secured frame, on a spindle which rests on bearings, and is allowed to revolve. 
Mow provide one or two brakes to check and regulate the speed of the revolving reel, and employ 
a tus: to tow the barge across the river, either above or below the line of piers. 

The end of the rope should of course be first secured to one of the anchor-plates before starting. 
On crossing the river, the rope is simply dropped upon its bed. The other end being landed, is 
now temporarily secured to its anchor-plate, and preparations are made to hook up the rope at the 
centre piers, and to raise it to the top of the towers. Here it is rested on temporary timber-blocks, 
which serve as saddles, and are secured alongside of the cast-iron saddles. 

After two wire-ropes have been taken across and suspended, their deflection must be adjusted, 
and they are then further secured to the middle towers by screw-clamps and bolts, to prevent their 
slipping. The object of these temporary suspension-cables being to facilitate the construction of 
the main cables, it is advisable to deflect them about 2 to 3 ft. behw the main cables, so that they 
will run nearly parallel to them. This being done, light timber-beams or scantling, say 24 ft. 
lon^, may be thrown across the two opposite ropes, and lashed to them from behw by hemp lines 
at distances of about 4 to 5 ft. apart. This process should oommenoe at the two middle towers, 
and should be carried on both ways, so that the spans will be equally weighted, and their equili- 
brium maintained. Planks are pushed forward over the beams and secured by lashings, so that 
two foot-walks are formed, each about 4 ft. wide, in line of the main cables and underneath. 
Where these walks are very steep, the planks may be cleated, to secure a better foothold. 

Two footways have now been put up, extending across the river from one abutment to the 
other. To facilitate the crossing of men not used to high elevations, two small wire-ropes | to f in. 
diameter may be suspended just above the position of the main cables, and connected lateral] j 
every 50 ft. by smaller chords. The men wUl take hold of these ropes while crossing, and use 
them as hand-rails. 

This being accomplishod, we are now enabled to go from pier to pier and to perform work 
independent of the river. As the stays are placed in the bottom of the saddle, they must be raised 
first and put in place, allowing their ends to hang down the piers. This being done, the first 
permanent cable-rope may now be fastened to its anchor-plate at one end, then taken across the 
river and run off t)ie reel in the same manner as before. These ropes are to be dropped upon the 
bed of the river, either above or below the piers, always on the side of their respective towers. 
Whenever a rope has thus been run off, it must be raised and placed upon the saddles before 
another one is launched on the bed of the river. It is also necessary that each rope should be 
properly placed and its deflection adjusted correctly before the next one is taken up. 

The section of a saddle on Fig. 1437 exhibits plainly the different layers of rope. First, there 
are four laid down in the bottom, forming the first row ; then one is added at each end in the 
second row. These six ropes are the stays. Next come the three ropes which compose the first 
or lowest layer in the cable ; this is followed by a second row of four ropes ; next comes the centre 
layer of five ropes ; next, a layer of four ropes, and then the top layer of three ropes ; the whole 
number of 19, which are in a cable, forming the section of a regular hexagon. 

It is all-important that the five different layers should preserve their stratification and their 
proper level throughout the whole length of cable. To facilitate this operation, strips of canvas 
or strong cotton sheeting, say 3 in. wide, may be wrapped around each layer, 
and afterward again removed. Whenever a rope is added, it should be secured ^***' 

nt various points by ties of fine annealed wire. The best plan, however, is to 
introduce short strips of tin. Fig. 1456, which cross each otner diagonally, the 
whole being kept together by temporary wire or hemp strings. After all the 19 
ropes have thus been suspended, adjusted, and collected into one cable, strong 
temporary wire-bands, made of No. 10 annealed wire, must be put around every 
10 or 15 ft.; which operation will be greatly facilitated bv using iron screw- 
clamps made in two halves, and fitting the section of the cable. 

Referring to Figs. 1436, 1437, we notice that the lattice-beams which connect 
the opposite saddles of each tower may be omitted for the present, and that the 
two ropes for the footwalks may be supported on the cross-beams next below the 
lattice, which will be about the right elevation for cable-making. 

It was remarked that the two ropes suspended temporarily for footwalks are to 
be laid into the main cables eventuaiiy. This method is recommended for the sake of economy. But 
if some more wire-rope is on hand, strong enoi^h for that purpose, then it will be better not to make 
temporary use of the permanent cable-ropes. It is supposed, however, that there is no spare rope 
on hand, and in that case two of the cable-ropes are to be suspended for footwalks, one on each 
side. Now, after the other 18 ropes have been raised and adjusted in each main cable, the cross- 
beams which support the foot-plank may be suspended to the main cables by simply throwing 
small manilla ropes over in such a manner that they can be easily removed. This being done 
with all the beams, the two wire-ropes which supported the foot-planks are now free and may be 
raised into the saddles, adjusted to their proper levels in the various spans, and both ends secured. 
After this is done, the manilla suspenders over the main cables are now lifted, one after another, 
and thrown over the last wire-rope, and again fastened to their respective beams. The cables are 
now ready for the permanent suspenders and straps. The latter are heated at one comer, so that 
they may be readily closed and screwed up tight. To prevent injury to the cable, a piece of sheet- 
iron is laid around it : the strap is then closed and cooled off with water. A small hand-forge 
may be moved along on the suspended scaffolding for that purpose. 
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It will be a somewhat difBcnlt taak foT those not experienced in the constniction of wire-cable 
bridges, to get the cable straps and suspenders property spaced. 

Measurements from the towers being uncertain and the cables movable, no satisfactory adjust- 
ment can be effected in this way. But, either by calculation or actual suspension, or both, 
measure off the actual distances upon a small wire-cord, or upon a single wire. These distances 
in the suspended cable form the hypothenuses of right-angled triangles, the horizontal base of 
which is a constant, equal to the horizontal distance of the suspenders. The vertical is variable, and 
is equal to the difference of the lengths of the two adiointng suspenders. These triangles may 
all be laid off on one board, and the length of the hypothenuses transferred upon the wire-cord and 
marked by small wrappings made of fine wire, so that they cannot be shifted. This wire line is 
then suspended alongside of the centre of the cable, and whitelead marks are put upon the latter, 
which wiU correspond to the centre of the suspended ropes. 

These measurements and marks being correctly made, there will be no further difficulty in 
spacing the suspenders correctly ; their length will come out nearly correct, and the beams sus- 
pended to them will be found equally spaced. 

The main cables being oompletea, they should be further secured in their saddles by bolting 
down those cushions which are to prevent their slipping. A temporary platform must next lie 
suspended below the level of the lower chords, strong enough to support 1 ton a foot lineal. The 
suspenders being 10 ft. apart, timber-beams 24 ft. long, about 8 x 14, may be suspended to them 
by means of temporary stirrups, so made tiiat the level may be adjusted. A plank-walk about 
5 ft. wide should then be laid down under each cable. The next step is to lay down upon these 
plank-walks the channel-bars which are to form the lower chords. Care must be had to distribute 
those bars evenly and uniformly on each side of a pier, and in all the spans at the same time, so 
that the equilibrium of the cables is not much disturbed. This distribution being properly made, 
the bars may be connected by bolts temporarily, and partly spliced, but so that the posts can 
afterward be set up between. 

In order to add to the weight of the platform, and increase its stability, the truss-posts should 
now be distributed uniformly, and laid aown alongside of the chords, all over the work. It may 
also be the proper time to make use of the main-stays, and to attach their ends temporarily to the 
lower chords, and to the platform. When up, they will not only add to the supportmg power, but 
also to the steadiness of the platform. The whole process of erection will be much facilitated by a 
narrow track, laid down in the centre of the platform between the two walks, for the support of 
a few small trucks, on which the bars may be transported from both abutments. With a favourable 
stage of water in the river, the delivery of materials may also be forwarded by boats moored at the 
piers and hoisting the bars up, then distributing on trucks. 

The work has now so far progressed that we may proceed to put up the posts. There are 
several methods by which this may be accomplished. One plan is to proceed from the centre 
piers each way toward the main span and the side spans uniformly at the same time. As soon as 
one or two seU of posts are up, connect them by the upper chords, and also secure the latter by 
transverse beams and temporary wooden braces. Next, put in place the panel-rods, which will 
increase the stiffness of the framing considerably. 

While this process of building out from the piers is going on, the level of the platform must be 
maintained at the same time, by distributing tne bars for the posts and chords all along. The 
weights being uniformly distributed, the level will be preserved, and the steadiness of the platform 
will also be increased. A few small wire-ropes may likewise be applied below the platform, 
fastened to the masonry of the piers, to serve as storm-cables, in case of a heavy blow. Before 
commencing with the arches, the poi^ and upper chords may be put up through the balance of 
the spans, the panel-rods put in, the cross-connections made, and the trusses nearly completed. 

Changes of temperature, causing expansion and contraction, may be accommodated oy placing 
the lower chords on wooden rollers about 6 in. diameter. 

Slight changes will not be noticed ; but should great changes take place, and produce con- 
siderable contractions and expansions, it wiU be good policy to provide slip-joints in the chords as 
well as the arches at various points, and use a few temporary splicing-plates to that effect, or 
timbers bolted on sideways. No rigid connection should be made at any place: no riveting 
before the whole structure is up. 

It was remarked that the whole superstructure may be put up and completed without the 
assistance of scaffolding. This can be done, if absolutely necessary. We therefore propose to 
scaffold one of the side spans, or both, leaving the central span open for navigation. This being 
done, we may put up the arches in the two side spans, and also put up one transverse iron beam every 
20 ft., to give a good, permanent lateral connection to the lower floor. By the completion of the 
arches of the side spans, the resistance of the anchor-plates will have been much increased. 

One half of the bents under the side spans may now be removed with safety, and put under 
the spring of the arches in the central opening ; and as much material may also be distributed 
over the platform of the central span as will be necessary to balance the side spans. By this 
distribution we shall maintain the equilibrium of the cables. The thrust of the arches in the side 
spans will be fully met by the lower chords, which should be pompleted ; so that it may be safe 
to remove all the bents from under the side spans and put them up in the centre opening. This 
being done, the closing of the arches in the centre is now to be accomplished, and the trusses may 
be sufficiently completed to render a further support by scaffolding unnecessary. 

If, during the process of erection, a sudden flood should occur, or floating masses of ice 
endanger the safety of the scaffoldings, the latter should be watched day and night, and cut loose 
if necessary. This may cause some delay, but no further damage. 

If the spring of the arches descends below the lower chords, the raising of the superstructure 
will be easier ; and this plan should always be adopted if possible. 

Statement of the Strains in the different members of a Tfwsed Girder Bridge of 300 ft, span in the 
clear. — This iron truss alone weighs 0' 85 ton a ft., and is proportioned to sustain its own weight 
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and a moving: load of 1100 lbs. The wire cables support a moving load of only 1900 lbs. a ft., 
Fig. 1457. Tension allowed in iron is 5 tons the sq. in. The compression allowed is 4 tons the 
sq. in. Panel = 18'. 

1467. 



21Z.t$ 



306 ft. spas. 
! 4 



rye.fs* 



IM.6 
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t9tM I ttB.16 j IIX 




i A7Z./6 



4^ A 



I 
tV6 



11.9 



n.6 






fZ.f 



tt.6 



fl.6 IZ.6 12. i 

In the foregoing estimate, we have taken the weight on the bridge at 1-4 ton a fL mn. The 

260- 1 



weight of the stmetnre itself is 



S06 



= 0*85 ton a ft. nm. The bridge will therefore support, in 



addition, a moving load of 1-4 — 0*85 = 0*55 ton, or 1100 Ibe. a ft. run. 

1468. 

Ua.Aft. Steel Cables. 

Moving load 1900 1S3' 

Top plate 490 

Cable 123 

Suspender 28 



153* 




Total weight supported by cables .. 2541 



Toot. 

Total weight for whole bridge = 2541 lbs. X 806' = 777,546 lbs. = 388*77 

Tension in cable, 1*58 X 388*77 tons = 614*25 

Compression, Fig. 1458, in upper chord due to the cable = 1 *5 x 388*77 tons = 583* 16 

The cable being much smaller in this example than in the previous one, each will consist of 
only seven ropes : and taking the maximum tension allowed as beforo, at 5 tons a pound a ft., we 

614 * 25 r 1 

have the strength of one rope = -— — =43*88 tons; and the weight a ft. of such a rope is 

43*88 

— - — = 8*78 lbs. The diameter of this rope is 2^ in., and the diameter of one cable 7 in. 
o 

583*16 
Compression. — The section required in the top plate is — ^ — == 145*79 sq. in. Weight 

a ft. = 145*79 x 3*36 = 490 lbs. * 

Some of this weight will be thrown upon the channel-bars, as in the previous case. 

The heaviest section of channel-baj* is 56 sq. in., equal to 142 lbs. a yard. 

145*79 
The section required for one top plate is — - — = 72*895. Hence we have left for the top 

plate 72*895 - 56 = 16*895 sq. in. ^ 

In order to keep the channel-bars of a uniform section throughout, we will add to this top 
plate the varying sections of upper chord, required by the structure alone, in the calculation 
above. The following Table shows how this is done ; the sixth line gives the number of sq. in. 
of section required in the top plate in each panel. 

Tablb of SEcnoNAL Abba or Top Platb in each Panbl. 



Nmnber of I^umIs. 

Total section of one' 

top plate 
Section required for 

upper chord of 

stamcture . . j 

Aggregate section .. 
Deduct assumed sec-| 

tion of channels . . / 
Leaves for section of ^ 

top plate .. ../ 



8 



8 



6 



8 



72*895 



68*040 

140*935 
56000 

84*935 

I In. In. 



72*895 



68040 

140*935 
56000 

84*935 
in. In. 



72*895 

66-150 

139 045 
56-000 

83*045 



in. In. 

Dimensions of top plate 42 x 2 * 02 42 x 2 * 02.42 x 1 * 98 



72*895 

62*370 

135*265 
56*000 

79*265 
In. In. 



72*895 



72*895 



56*700 49*140 



72*895 



89*690 



129*595 122*035 112*585 



56-000 56*000 



73*595 

in. in. 



66*035 
in. In. 



56000 

56*585 
tn. in. 



72*895 

28*850 

101*245 
56000 

55*245 
in. in. 



72*895 

15-120 

88 015 
56000 

32*015 



42x1*88 42x1*75 42x1*57.42x1*34:42x1*0842x0*76 
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Eecapiiulation of whoh Wright, 

Iba. 
Tie-rods, oonnter-rodB, posts, upper and lower chords on one side .. . . 144,927 

Additional weight on one side 93,836 

Extra items 21,337 

Weight of top plate on one side, 72*895 sq. in. x 3*36 lbs. = 245 lb8.,\ ^Atyra 

and 245x306= / '*'*^'" 

Cable=8-781b8. X 7 = 61-5 X 312ft. = 19,188 

Suspenders = 14 X 306 = 4,284 

One-half weight of whole structure 358,512 lbs. 

Total weight of the entire structure 858*542 tons. 

Weight a foot = ?^^ = 1*171 ton. 

Statement of the Strains in the different members of a Trussed Girder Bridge of 300 ft. span in the 
clear. — The iron truss alone weighs 0*62 ton a foot, and is proportioned to sustain only its own 
weight, while the moving load of 3000 lbs. a foot is supported by wire cables, Fig. 1459. 

The tension allowed in iron is 5 tons to a sq. in. The compression allowed is 4 tons to the sq. in. 
Length of one panel = 18 in. 

U59. 

306 ft. span. 




In the foregoing estimate we took the weight of the bridge at 0*62 ton a foot run. This 
agrees with the result here obtained, since 0*62 x 306 =189*72 tons. 

Let us now put in a pair of steel cables to support, Ist, the moving load ; 2nd, the weight of the 
top plate required to resist the compression due to the cable ; and, 3rd, the weight of the cables 
and of the suspenders. 

11m. 

Moving load 3000 

Top plate 771 

Cable .. .. 193 

Suspenders 36 



Total weight on cables a foot run .. 4000 tqq,, 

Total weight for whole bridge, 4000 X 306 = 612 

Tension in cable = 1*58 X 612 tons = 967 

Compression in upper chord due to cable = 1 * 5 x 612 tons = 918 

The ultimate strength of good steel cables is 25 tons a lb. the foot, which is equivalent to 

176,000 lbs. a sq. in. solid wire-section ; the maximum tension allowed is 5 tons a lb. to the foot. 

We have two cables, one on each side, each containing nineteen wire-ropes. Hence the strength 

967 25 * 45 

of one rope is - - =25*45 tons ; and the weight a foot of such a rope is — - — =5*09 lbs. a foot 

The diameter of this rope is 1 *7 in., and the diameter of one cable of nineteen ropes is 8} in. 

918 
Compression.— The section required in the top plate is -j- = 229*5. Weight a foot = 229*5 

X 3*36 = 771*0 lbs. 

In place of putting all this section into a plate, it is better to divide it by increasing the section 
of the channel-bars in the upper chord somewhat ; especially since the sections of channel-bars 
obtained in the calculation above were so small that they could not be executed in practice. Let 
us increase the sections of the four channels in one upper chord to 56 sq. in., which is equal to 
142 lbs. a yard for each channel-bar, the heaviest section rolled. The section required for one top 

229*5 
plate is = 114*75 sq. in. Hence we have left for the top plate 114*75 — 56 = 58*75 sq. in. 

In order to keep the channel-bars of a uniform section throughout, we will also add to this top 
plate the varying sections of upper chord, required by the structure al(me, in the calculation 
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above. The following Table shows how this is done : the sixth line gives the number of sq. in. of 
section required in the top plate in each panel. 

Table of Sbctional Abba of Top Platb in baoh Panbl. 



Number of Panel. 



1 



Total section of one 

top plate 
Section required for 

upper chord 

structure 
Aggregate section 
Deduct assumed seo-1 

tion of channels ../ 

Leaves for section of ^ 

top plate .. ../ 

in. In. 

Dimensions of top plate 42 x 2 ' 11 



114-75 

8015 

144*90 
5600 

88*90 



114-75 

3015 

144-90 
56-00 

88*90 

in. In. 
42x2-11 



2 



114-75 

29-31 

144*06 
56*00 

88*06 

in. in. 
42x2*09 



8 



114-75 

27-64 

142*39 
56-00 

86-39 
in. in. 



114-75 

25-12 

139*87 
56-00 

83-87 
in. in. 



42x2-0542x1-99 



114-75 

21*775 

136-525 
56-00 

80*525 

In. in. 
42x1-92 



6 



114-75 

17-59 

132-34 
56*00 

76*34 
in. in. 



114*75 

12*56 

127*31 
56*00 

71-31 
in. in. 



42x1*8142x1*70 



8 



114*75 

6*7 

121*45 
56*00 

65*45 

In. Uu 
42x1-55 



BecapituhUon of whole Weight, Iba. 

Tie-rods, counter-rods, posts, upper and lower chords on one side . . . . 78,741 *8 

Additional weight on one side 93,8360 

Extraitems 17,142*7 

Weight of top plate on one side, 114*75 x 3*36 = 385*5 per foot,| ^^^ ^^^.q , 

or 385 X 5 X 3*06 = /" " ' 

One cable, 312 ft. X 19x5*09 lbs 30,1730 

Suspenders, &c., 36 X 306, or, for one side, 18 X 306 5,5080 

One-half weight of whole structure 343,364 lbs. 

Total weight of the entire structure 843*36 tons. 

343*36 
Weight per foot = =1*122 ton. 

For further particulars respecting this ffystem, the reader is referred to Boebling's large work, 
published by D. Van Nostrand, N.y. . . .,. _^ . w 

Oblique Bridgee aie bridges in which the axis of the arch meets the supports m an oblique 
direction, Bailways liave much necessity for this kind of bridges, because the survey frequently 
makes it necessary to carry the track over a road or a canal, which it intersects at an angle more 
or less acute. From obvious economical considerations, only the leading arches and courses of the 
springers are constructed of hewn stone ; the body of the aroh is formed of materials of a weaker 
description, often of bricks. These considerations have led engineers to the conception of a plan 
appropriate to this kind of construction. Three principal systems are at preront m iwe in the 
oonstrootion of Miaw bridges: the helicoidal arrangement, which was ongmated m England : the 
orthoKonal arrangement, invented in France ; and that of upright arohes «i retraite, a very ancient 

Sston hitely brought into use. In each of the two first systems, the aroh is semicircular, and it is 
e mode of its suMivision into voussoirs which distinguishes it from ordinary semicircular Mches. 
The ffelicoidai Arrangement— Tins is so named from the fact that the edges of the mward arch 
are spirals, and the bed-joints, as weU as the upright joints, are helicoidal surface of aqoare- 
thraaded screws. This arrangement is determined m the following mann«r|—Let E K and F JL 
Fig. 1464, be the spring lines of the intrados, DH and GL those of ttie extrados; HL and pa 
thIhorixJntal draughts^f the principal planes: let E'VF and ^ V J be the verhcal projections 
of the intersections^f these principal pbnee with the intrados ; let D' C'B'Q' be the projection of 
the intersection of the extrados on the jplaue DG; finally, let a6cd and A B C D be the upright 
sections of the intrados and extrados, developed upon the pbne of the spnng, which is here the 



j^dSraSJ^^aTuttte a!i'li^1>re from"a'^ndiciiar common to the two chords a^ Mid a'g'. 
We see here, for example, that to fulfil these conditions it is neowsary to join the point 4 to the 



SitoUlTWhich are intended to be wed for tte body of the u^sh, or Bhonld <»1t «J'f J"f «««f 
that thiokneefc If we imagine the figure « 3 /S* «' to be applied upon the cThnder of the mtoade^ 
thS panSwB in quertion wffl become iq)iral paraUeta^ These are the .pirals which "* token Ma 
Sd^for the edie. of the inward arch. We obtain the projectioM of theee spiralB in the following 
SZ.^-^ fKSTthe points of division of ./B and .V, which occupy the same level, we draw 
Sht Uies. they wiU li paraUel to the axis 00" of the arch, and will be nothing more or less 

t£S. the^eratoices of thVintn^oi To obtain the projections of these f»"«;^K,^«^^f "?;* 
J5^ the half-«ironmfeienoe o 6 c <i into as many equal parts as o *: and &om the pomts of diviaion 
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draw parallels to 00'; these are the horizontal projections of the generating lines. From 
the points where these projections meet the right line fi F, we draw perpendicuhus to the base 
line X Y; the points where these perpendiculars meet the semi-ellipse ISfYF' will belong to the 
vertical projections of the oorxesponding generatrices ; and, by drawing from these last points lines 



1464. 




^•"i ' I -"^ 



\ 



146&. 



parallel to X Y, we shall have the vertical projections themselves. This being understood, if we 
wish to obtain, for example, the horizontal projection of the generating line 4' 7, we mark the 
ix)int8 f, ^, 9, (, where it meets successively the leading curve at i9, the generatrix 6' 6", the genera- 
trix 5*5\ and the leading curve ofi*ff; from these points we draw lines perpendicular to OO', 
ending respectively on the right line £F. the horizontal projection of the generatrix 6*6', on that 
of the generatrix 5 '5', finally on the right line K J ; we shall thus obtain four points, e, /, t, «, of 
the required projection, and it will be easy to trace this projection. In the same manner, the 
horizontal projection of the other spirals will be obtained : they are marked in dark lines in the 
quadrilateral £ F J K. To obtain the vertical projection of a spiral, it is necessary to mark the 
points where its horizontal projection meets the horizontal projections of the different generatrices 
of the cylinder, and from tnese points to draw lines per- 
pendicular to the base line, until they meet the vertical 
projections of the same generatrices ; we thus obtain the 
curves c' k, b' /, and so on. 

Spiral surfaces vnth a sqftare-threaded twist are taken 
for the bed-joints ; that is, each of these joints is governed 
by a right line subject to remain parallel to the plane of 
the upright section of the cylinder, and to rest constantly 
upon the axis O O' of this cylinder, and upon the spiral 
wnich forms the edge of the inner aroh corresponding to 
the joint under consideration. Before eoing further, it is 
necessary to determine the intersection of these spiral joints 
with the leading planes. The intersection of a spifal sur- 
face with a plane may be constructed by the ordinary 
methods of descriptive geometry. Let us suppose that the 
vertical line O I, Fig. 1465, is the axis of the surface ; and 
that the directing spiral has for its horizontal projection 
the ciroumference O A, and for its vertical projection the 

sinusoid AB'A' ; and let PQ be the vertical 'x 

tracing of the intersecting plane, supposed to be perpen- 
dicular to the vertical plane of projection. Draw any 
auxiliary horizontal plane K H ; this auxiliary plane will 
intersect the helicoidal surface according to a horizontal line 
which is projected vertically upon K H, and horizontally aooording to a radius ON, which will be 
determined by the condition that the aro ADN shall be to the entire oircnmference in the 
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ratio of AH to the space A A'. The same auxiliary plane will intersect the plane PQ, aoooid- 
ing to a line perpendicular to the vertical plane, which is projected vertically according to the 
point M', and norizontally, according to a line mM, perpendicular to the base line. The point 
K, M', belonging at the same time to the generatrix I Hj O N, , and to the intersection of the anxl- 
lianr and the intersecting planes, is a point of the intersection of the plane P Q with the heliooidal 
surface. We can obtain in the same manner as man^r points of this intersection as may be desired. 
For facility of working, it will be convenient to divide the circumference A B and the space A A' 
into the same number of equal parts starting from the point A, the points of division of the same 
level vrill give the radius analogous to O N, and the horizontal plane analogous to K H, which will 
determine one point of the desired line. Having the projections of the required intersection, we 
can obtain it in its true dimensions by describing the plane P Q around its vertical tracing. 

To solve the same problem, we can also employ calculation. If we take for the axis of z the 
axis O I of the surface, for axis of x the direction of the radius O A, and for axis of y a per- 
pendicular radius, designating by h the space A A' of the directing spiral, we shall have for 
equation of the helicoidal surface, 

A V 

« = ;;— arc tan. - . [1] 

2ir z 

If a designates the angle of P Q with the axis of x, and & the distance oc^ we shall have for 

equation of the intersecting plane, 

ar = a? tan. a-\-h, [2] 

Eliminating x from these two equations, we obtain the equation of the projection of the desired 

h X 

intersection upon the plane of dry ; that is, ^ arc tan. — = x tan. a + ^ whence 



y = X tan. -r- (x tan. a + 6), 

A 



[8] 



1466. 



which curve we can construct by points. The intersection of the dividing plane with the vertical 
cylinder, which has this curve for its base, will be the intersection of the same dividing plane with 
the helicoid surface. 

Whichever of the two methods we employ, we shall find that 
the curve which has for its equation the relation [3], has a form 
analogous to that indicated in Fig. 1466. It is composed of two 
branches which have a common asjrmptote a a, and two other 
asymptotes, belonging one to each, /S /S, 77, all three parallel to 
the axis of y. Other branches and other asymptotes may be ob- 
tained by paying attention to the undefined part of the helicoidal 
surface, which is extended outside the cylinder, whose base is the 
circle A D B ; but this consideration is of no value in the question 
with which we are occupied. If we imagine a vertical cylinder, 
ha vine for its base the two-branched curve of Fig. 1466, we have 
seen that its intersection by the cutting plane P Q, F^. 1465, will 
be at the same time the intersection of this plane with the heli- 
ooidal surface. This intersection will evidently have a form 
analogous to the curve in 1466. 

For each helicoidal joint it would be necessary to construct an 
analogous curve, if it were desired to have exactly its intersection 
with the leading plane. But when the upright section of the arch 
has a gpreat radius, as is often the case, the intersections of the 
joints with the leading plane have only a slight curvature, and 
may, without any appreciable error, be considered as right lines ; 
we can then, in the construction of these lines, profit by a remark- 
able property of these curves. If from points, such as V and c'. 
Fig. 1464, where the intersections of the nelicoidal joints with the 
lewling plane meet the curve of the intrados E', c\ 6', F', we 
draw tangents to these intersections, all these tangents will come 
together at one point I', situated upon the vertical line of the 
centre O". Let us now consider the equation [3] ; taking the difierentials of the two terms. 





a 
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1 
1 
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n 

1 
1 
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1 
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we obtain y* = tan. -r- (x tan. « + 6) + 

A 



X 8 — tan. a 
A 



COS.* -r- (x tan. o -I- 6) 
A 



Now the ordinate T of the point, where the tangent of this curve meets the axis of y, has for its 
equivalent y-y'x; substituting for y and ^ their equivalents, and reducmg, we obtain 

2 T tan. a ^ 



Y = 



COS.* -r- (x tan. a + 6) 



2ir y 

But the equation of the curve gives tan. -r- (x tan. o + 6) = — , whence we get 

» X 

Subatitntiiig for T, it foUom that T = '*^°? (<* + f). 

A 
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If we ooDBider in particular the point of the curve which is on'the droumference O A^ Fig. 14G0, 
the radiua of which we represent by r, we may write 

A 

which expression is independent of b ; that is to say, the distance Y would remain the same if we 

transposed the intersecting plane P Q in a direction parallel to itself, or, what amounts to the 

same, if we caused the helicoidal surface to revolve in a direction pcirallel to its axis. Let iia 

observe now, that all the right lines, which on being described round the cylinder of the intradoOy 

have become the edges of the inner arch, being parallel right lines ; these edges of the inner arch 

are equal spirals. The sur£aces of the joints which have these spirals as diluting lines are then 

equal themselves; and they can be made to coincide by causing them to revolve sufficiently in a 

direction parallel to the axis of the intrados. It follows from this that in place of cutting fdl the 

surfaces of the joints by the leading plane, we should obtain the same intersections by cutting 

only one of them by planes parallel to the leading plane situated at convenient distances from 

this leading plane. The projections of the curves of intersection upon the plane of the upright 

section vrill then also be the same, that is, that to obtain them it is sufficient properly to vary 6 in 

the equation [3]. But the distance Y is independent of 6 ; hence, if from the points where the 

different curves which are projections of the intersections of the surfaces of the joints by the 

leading plane, meet the circumference abd^ Fig. 1464, we draw tangents to those curves, they 

will come together at a point I« situated on the axis O O' at a distance from the centre indicated 

by the expression of Y. But we know that the projection of the tangent of a curve is itself a 

tan^nt of the projection of thi^ curve. If then the lines B 6, G c, and so on, Fig. 1404, are the 

projections of tne lines B'6', G'c', and so on, upon the plane of the upright section, the tangents 

at 6, c, and so on, are the projections of the tangents at 6', &, and so on. Now the tangents at 6, c, 

and so on, come together at one point I, then the projecting planes of which these tangents are 

the tracings, and which are all parallel to the axis O O', intersect in the direction of a line parallel 

to this axis passing through the point I. This parallel line meets the leading plane at a point of 

the vertical of the point O, whi(m is projected at I' to a distance from O" equal to 0| I ; finaUy, 

then, the tangents of the points 6', c', and so on, all meet together at the point I'. 

The distance O'T, or, in absolute value, Y, is easily constructed. From the centre O of the 

upright section we draw a line parallel to the tracing £ F of the leading plane, until it meets at 

T with the prolongation a F of the line of the spring ; and from the point T we draw T Z parallel 

to the right lines 4'* 7, or 8' '6, and so on, which are the development of the edges of the inner 

arch ; a Z will be the desired distance. We have already called a the angle G D A which the 

leading plane makes with the axis of the intrados ; let us now call t the angle a T Z, equal to the 

angle a a' 3 which the developed spiral mcJses with a line parallel to the axis ; there results from 

2irr 
this, tan. i = —r— . Now the triangle 0| T a gives T a = Oi a tan. a = r tan. a, and the triangle 

2irr 
Taz gives a Z = T a tan. t = r tan. a tan. i — r tan. a —r — , a quantity which is equal to Y in 

n 

absolute value. 

purpose we are considering is easily made ; join the 
prolongations B'6', G'c', and so on, of the lines of 

^ o , - , BO on, to the intersections of the surfaces of the joints 

by the leading planes, and may be taken for these intersections themselves under ordinary circum- 
stances where these curves have only an inappreciable curvature. 

To determine the upright joints^ draw right lines such as ^ k. Fig. 1464, perpendicular to the right 
lines p a'y 0*7, and so on, which are the development of the edges of the inner arch. Only a few of 
these perpendiculars are marked on the sketch. When the figure a$fi'a' is applied to the 
cylinder of the intrados, the perpendicuUur in question become arcs of spirals, such as that which 
is projected at m n, normal to the edges of the inner arch. Helicoidcd surfaces with a square 
threaded twist having these spirals for directrices are taken for the upright joints. The arch is 
thus divided into voussoirs by surfaces normal to the inner arch and perpendicular to one another, 
which ia the essential condition of the arrangement of an arch. To obtain an intermediate point 
of the spiral projected at m n, we take an intermediate point upon the right line /i y, for example, 
that which is found upon the generatrix 3*3'; drawing from this point a line perpendicular to O O' 
until we meet with the horizontal projection of the generatrix corresponding to 3*3, we shall have 
the horizontal projection of the desired point. To get the vertical projections corresponding to 
m and n, it will be sufficient to draw from these points, perpendiculars to the base line until we 
meet at m' and n' with the lines c' k and 6' /, vertical projections of the generatrices, of which r m 
and « n are the horizontal projections. As to the intermediate point l«tween m and n, we shall 
draw from this point a line perpendicular to A D, and one perpendicular to X Y ; taking that 
portion of the former which is comprised between A D and the circle a & c </, we Bhtii carry it on 
to the second starting from X Y ; we shall thus have an intermediate point upon tiie projection 
m'n'. We may proceed in the same manner for the other upright joints. We nave at fiy<rp the 
development of the panel of the inner arch corresponding to that portion of the intrados comprised 
between the joint mn and the leading plane. The surfaces of the joints cut the extrados in 
the direction of spirals having respectively the same space ; and this consideration affords the 
means of obtaining the development of the panel of the extrados which corresponds to the panel 
fi V a p of the intrados. In fact, the two bed-joints and the upright joint which form the limits of 
the voussoir corresponding to mn 3 r, are cut according to two right lines starting from the points 
m, m', and n, n', which, being the generatrices of the two bed-joints, are parallel to the upright 
section of the intrados and meet the axis O 0'. These horizontal projections will then be directed 




BRIDGE. 731 

Booording to lines perpendicular to O O' drawn from the points m and n ; and if we develop the 
extrados, the points where the surface is met by the said generatrices wiU fall at M and K situated 
upon the prolongation of the right lines mfi and ny. On the other hand, if A U is the develop- 
ment of the leading arc of the extrados, supposed to be obtained in the same manner as for the 
intrados, the point projected at C will fall at R, and the point projected at B' will fall at 8. The 
spirals of the extrados which pass through these two points having the same space as those of 
the intrados which pass through the points p and (r, wul give, on development, right lines which 
will meet together at the same points of the line of a L, starting from which we effected the two 
developments ; that is to say, the spiral corresponding to the point R will give the right line R a', 
which converges with p a to the same point a'; and the spiral corresponding to the point S will 
give the right line So-', which converges with trtr' to the same point a' of the line aL. These 
right lines B a' and S or* will determine the points M and N ; and we shall have at M N S B the 
development of the panel of the extrados corresponding to the panel fi¥<rpo{ the intrados. 

Before proceeding to cut the voussoir, it is still necessary to effect its projection on the plane 
of the right section. For this, draw from the points m and n perpendiculars to A D until they 
meet the circumference a 6 c d at m, and tij ; then from the centre O, take the radii m. M„ and 
n|Ni: these will be the proiections of the generatrices of joints which pass along the points 
m', m', and n, n'. We have already the right lines B b and G c which concur at the point I, the 

S rejection of the voussoir under consideration will be comprised between the right lines B 6 and 
[, n|. To apply the draught upon stone, prepare a prism having for its bcuse the curvilinear 
quadrilateral Jd 6 m, M, and for its height the distance of the pointo r and n computed parallel to 
0'. After having marked upon the two bases the points b^Cjin^^n^y B, C, M„N„ join the 
corresponding points by right line, which will be the generatrices of the cylinders of the intrados 
and the extrados. Upon the concave cylindrical surface apply the flexible panel fivap in such a 
way that the point » falls at n^ upon one of the bases, the point p at c upon the other base, the 
point 0- upon the generatrix starting from 6, and the point fi upon the generatrix starting from m^. 
Apply upon the convex cylindrical surface the flexible panel M N S B, in such a way that the 
point N falls at N, upon one of the bases, the point R at Cf upon the other base, the pomt S upon 
the generatrix starting from B, and the point M upon the generatrix starting from M. . By the 
help of these two panels trace spirals answering to the right lines ft f», i^ o*, /i y, M R, N S, M N, 
and the elliptical arcs corresponding to the curves p a and B S. These two Uust arcs will deter- 
mine the plane of the heading face, and allow the face to be cut. As for the spiral joints, they 
will be cut by using a rule passing along points of reference marked out previously upon the right 
lines fi p and M B, upon the right lines fi p and N S, and upon the right lines fi y and M N. These 
points of reference are obtained easily by dividing into the same number of equal parts the righ^ 
corresponding lines upon which they have to be marked. In the same way all the voussoirs 
belonging to the leading arcs maybe cut. 

Supposing the arch to be entirelv constructed of ashlar work, all the longitudinal voussoirs 
might be cut in the same manner. They could also be obtained by a method exactly similar to 
that used in shaping the stones for the helix of a corkscrew staircase. But more generally the 
body of the arch is constructed, as has been said, of materials of small dimension, for example, of 
bricks. The stones which compose this construction are then identical one with another, and to 
place them properly, spread upon the framework, which is to bear the arch for a time, a layer of 
plaster forming a cylinder equal to the intrados, upon this layer trace the spirals which form the 
edges of the inner arch ; the distance from one to another is that of the thickness of the stones 
which are to be used ; it only remains to place these latter in the intervals between the spirals, so 
that the face which is to form the inner arch coincides with the layer of plaster, and they are 
then united by cement. 

Independently of the voussoirs belonging to the head arches, the upper course of the imposts, 
and the triangular voussoirs marked by the letter » in Fig. 1459, named coussinets, are constructed 
of stone. These coussinets must be firmly fixed in order to resist the thrust of the layers which 
have a tendency to slip along the bed-joints, considerably inclined towards the springers. For 
this reason the coussinets are shaped so as to fit in with the stones of the upper course of the 
imposts. These coussinets have a concave-cylindrical face on the intrados, a convex-cylindrical 
face on the extrados, a spiral face making part of a bed-joint, and a spiral face forming an upright 
joint. They are shaped like the heading voussoirs, by means of panels of development of the faces 
of the intrados and extrados ; the figures a I" 1 and A 1" x, Fig. 1464, represent these two develop- 
ments for the first ooussinet on the left. 

The defect of the helicoidal arrangement lies in the tendency of certain courses to slip 
outwards : thus the course prmected at 6' c' k /, Fig. 1464, has a tendency *to slip towards the back 
of the arch. To avoid this defect, the helicoidal arrange- 
ment may be limited to that portion of the arch comprised ^*^ ' 
between the leading plane and a neighbouring upright 
section. If, for example, A B and C B, Fig. 1467, repre- 
sent the horizontal tracing of the leading planes, and M N 
and O P those of two neighbouring upright sections, the 
helicoidal arrangement may be employed only for the 
portions A B N M and G D P O of the arch, and the por- 
tion M N P O be arranged as in an ordinary cylindrical 
arch. The courses which have a tendency to slip out- 
wards, at G and at B, are thus suppressed, or at least reduced to the leading voussoirs. More espe- 
cially in case the arch is intended to be of great length will it be useful to adopt this arrangement 
The helicoidal arrangement has also been charged with a tendency in the courses to become 
twisted when the framework is taken away and before the mortar has acquired a proper consistency. 
To remedy this, it has been proposed to replace the upright spiral joints by plane joints parallel 
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to the leading planes. But, on this supposition, it would be preferable to adopt the orthogonal 
arzangement. 

The Orthogonal Arrarujemmt, — A line meeting normally all the curves of a series is called their 
orthogonal trajectory. In the arrangement under consideration the upright joints are vertical 
planes parallel to the leading planes ; these planes cut the intrados according to curves equal to 
the leading arcs, ellipses for instance; the 
edges of the suffits are the orthogonal trajec- 
tories of these equal curves, and the arrange- 
ment ought to be called the arrangement by 
orthogonal trajectories. 

The projections of these trajectories are 
constructed in the following manner. Let 
A C and B D, Fig. 1468, be the spring lines 
of the arch ; we shall take the plane of the 
spring for the horizontal plane of projection, 
and tiie leading plane A B for the vertical 
plane. To make it more clear, we shall sup- 
pose that, as is most frequently the case, the 
leading curves are circles. Liet x x^y y^zz^ 
« u, be the tracings of planes parallel to the 
leading planes, and which determine the up- 
right joints; let 0, 1', 2', 3', 4', 5', be the 
centres of circles according to which the in- 
tersections of these planes with the intrados 
are projected. It will be noticed at the outset 
that each of the required trajectories is pro- 
jected upon the vertical plane according to a 
curve which is itself an orthogonal traiectory 
of the circles whose centres are 0, 1', 2 , 3', 4', 
5'. For if we consider by itself one of the 
required trajectories, at the point where it 
meets one of the circles x x^yy^ and so on, its 
tangent is perpendicular to the tangent of 
this circle, which is parallel to the vertical 
plane. Now, when a right angle has one of 
its sides parallel to one of the planes of pro- 
jection, we know that it is projected upon 
this plane at a right angle ; the tangent of 
the trajectory in question then is projected 
vertically according to the normal of the projection of the circle under consideration, and as we 
can say the same of all the analogous circles, it results that the projection of the trajectory meets 
all these circles normaUy, and that it is in consequence their orthogonal trajectory. 

This trajectory of the circles 0, 1', 2', and so on, may be determined exactly by calculation. Any 
one of these circles has for its equation 

(ar-o)« + y» = R', [5] 

R designating the radius and a the abscissa of the circle, computed on X Y, starting from any part ; 
for example, from the point A. It is demonstrable, by the differential calculus, that to obtain the 
orthogonal trajectory of a series of curves, we must state the equation 




^+^'^=». 



[6] 



in which y' represents the angular coefficient of the tangent to one of the proposed curves, and must 

eliminate from this proportion and the general equation of these curves, the variable parameter 

X " d 

which belongs to each curve. From the equation [5] we obtain / = , consequently we 

n 

should have 1 — -^ = ; eliminating d from this proportion and the equation [5], and 

y dx 

then integrating, we obtain for the equation of the required trajectory 



m 



y ■" 

We see that all the orthogonal trajectories of the circles 0, 1', 2', 8', and so on, are equal curves, and 
that having obtained one of them, we shall get all the others by causing the first to revolve parallel 
to the axis X Y. If, for example, we suppose the arbitrary constant = O, we shall find for x and y 
the corresponding values stat^ in the Allowing Table :— 



Yalaee of ^ 


Valnes of ^ 


1 


0-4 


0-000 


-0-649 


0-9 


0-3 


-0 031 


-0-918 


0-8 


0-2 


-0 092 


-1-310 


0-7 


01 


-0 183 


-1-993 


0-6 


00 


-0-298 


— 00 


0-5 




-0-460 
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These values correspond with a curve of the form indicated in Fig. 1469. If the sections parallel 
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to the leading plaoes were ellipses having for semi-^tzes a and ft, we shonld likewise find for the 
equation of the orthogonal trajectory of their projections upon the vertical plane 
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Instead of having recourse to calculation, we may construct the curve approximately by the pro- 
perty which serves for its definition. For example, let M', Fig. 1468, be tne first point from which 
we wish to draw an orthogonal trajectory of the circles 0, 1', 2', 8*, and so on. If from the point 
M' we draw a right line in the direction of the point 0, until it meets the circle 1' ; from the point 
of meeting, a right line in the direction of 1', until it meets the circle 2' ; from the new point of 
meeting, a right line in the direction of 2', until it meets the circle 3' ; and so on ; we shall obtain 
a broken line M' cf, which will differ less and less from the desired curve, in proportion as the 
sections xx^y y^ x z, and so on, are nearer one to another. But it will be a little lower in position 
than this curve, because its successive sides are normal only to the circle which passes round their 
upper extremities. If on the contrary we join M' to the point 1', arresting the line of junction at 
the circle T, and from the point of meeting draw a right line in the direction of the point 2', until 
it meets the circle 2', and so on, we shall have a second broken line M' B, which will also differ 
very little from the desired trajectorv, but which vrill be a little higher in position, because its 
sides are normal onlv to the curve which passes round their lower extremities. If, then, we form a 
broken line M' N', by joining the middle points of the arcs of the circles intercepted by the two 
lines M'/3 and M' a, the line thus traced will differ still less than the two preceding from the curve 
we wish to obtain. 

The projection M' N' of the trajectory, which is to serve as the edge of the inner arch, being 
obtained by one of the above methods, we can easily deduce therefrom its horizontal projection ; 
to do this, from the points at which M' W meets the circles 0, 1', 2', 3', 4', 5', we let fall perpen- 
diculars to the base line, terminated at the right lines A B, a? a?, y y, « z, u u, G D, horizontal 
projections of these circles ; and joining by a continuous curve the points thus determined, we 
shall have the projection M N of the trajectory upon the horizontal plane. 

We take for the bed-joint correspondmg with each edge of the inner arch the left surface formed 
by the normals to the intrados drawn from the different parts of this line. To obtain the normal 
to the intrados at any point of the trajectory M N, M' N', — at the point P, P', for example, — it will 
be observed that this normal is perpendicular to the tangent of the circle x x ; and as the latter is 
perpendicular to the vertical plane, the normal, for the reason already given, will be projected 
vertically according to a perpendicular to the tangent at P" of the circle 1' ; that is, according to 
the normal P Q' to this circle. Besides, the normal to the intrados being included in the plane 
of the upright section, it will be projected horizontally upon the horizontal tracing of this section, 
that is to say, perpendicularly to the axis of the arch, or according to P Q perpendicular to A G. 
We proceed in the same way for all the other normals ; the bed-joint is then determined by its 
rectilinear generatrices. 

It is necessary to determine its intersection with the extrados. Let D H E be the upright 
section of the intrados, and F G that of the extrados, brought down upon the horizontal plane. 
To get the point of junction of the normal P Q, F Q', with the extrados, we first draw frojn the 
point P a parallel to the axis of the arch, until it meets at p with the section E H D ; then, after 
having determined the horizontal tracing I of the normal, we project it at t upon D E ; next joining 
tp, we shall have the projection of the normal upon the plane of the right section; prolonging 
this until it meets at q the curve of the extrados F G ; draw from the point q a perpendicular to 
D E, which will determine the point Q ; then a perpendicular to X T, which will determine the 
point Q'. Proceeding in the same manner for the other normals, we shall obtain the projections 
of the intersections of the bed-joint in relation to the surface of the extrados ; and the same for 
the other bed-joints. 

Develop, by the ordinarv methods, the surface of the intrados and the surface of the extrados 
with the curves there traced ; and we shall have the developments of the panels of the inner arch, 
and the corresponding panels of the extrados. 

Supposing the arch entirely constructed of ashlar work, each voussoir would be shaped by a 
method analogous to that explained in treating of the helicoidal arrangement. The four normals 
which form the angles of the voussoir having oeen projected upon the plane of the right section, 
we have the projection of the voussoir upon this plane. Upon this projection is constructed an 
upright prism, having for height the distance of the two plane joints ; for example, the distance of 
tne right lines x x and y y. Upon the concave face of the cylinder we apply the panel of the 
inner arch, and upon the convex face the corresponding panel of the extrados ; the two left joints 
will be shaped by aid of a rule extended along guiding points marked out beforehand upon each 
edge of the inner arch, and upon the curved edge whicn corresponds to the extrados. But more 
generally, the body of the arch being constructed of rou^h stones, or of bricks, a layer of plaster is 
preparea coinciding with the intrados ; upon this layer is traced, by the aid of the development of 
the intrados, the orthogonal trajectories, between which it only remains to arrange the stones 
intended to form the arch. There will here be a little difficulty additional to that met with in the 
helicoidal arrangement ; the trajectories, although equal one to the other, are not equidistant, and 
it is necessary in consequence to var^ the thickness of the stone employed, according to the 
distance of the two curves between which it has to be placed. As to the heading voussoirs, they 
form a sort of arch independent of the principal arch; it results, in fact, from the defective 
parallelism of the edges of the inner arch that the bed-joints could not be prolonged as far as the 
leading planes without causing in the size of the heading voussoirs inequalities which would be 
displeasing to the eye; these voussoirs are then shaped independently, making the bed-joints 
normal to the leading planes. The shaping of these voussoirs then presents no difficulty ; the 



pliuie faoeB being eiecnted, the cylindrioal Burfooes are afterwards shaped by meane of a rale 
placed along gaiding points choeen beforehand. 

An important simpliflcation has been propoeed in the coDBtnictioD of the arch nnder considera- 
tion, which coDsiatB in replacing the left bed-joints by the cylindrictd anrfaces projected bj the 
trajectoriee apon the leacuoK planes, anrfaces which in fact differ very little from the former, and 
which bemdea poesesB the adTantage ot futniahing only reactions situated in planes perallei to the 
leading planes, and in oonseqaence not affording any compoeant perpeDdicutar to these planes; 
that is to Bay, not giving rise to a thrust by increasing the opening. When the arch is to be of 
great length, we can, as shown in Fig. 1467, arranga the portion of the arch comprised between the 
upright sectione M N and P as an ordinary cylindrical arch, and only employ the orthogonal 
arrangement for the portions A B N M and C D P 0. But in place nf using joints nmning 



peJaJlel to the heads, we employ vertical planes which converge, some towards the point ti 
junction, the right lines A B and H M, and others towards that of the right lines C D and O P. 
The edges of the inner arch are the orthogonal trajectories of the vertical SGCtions of the iotnulo* 
thus obtained ; their tracing is necessarily more complicated. This system is that which is called 
the convergent orthogonal arrangement. Its advantages do not appear to make up for the difScnlty 
of its execution and the ungtaceful appearance of the aroh. 

Farallai Arches in Echellon. — lastly, oblique bridges are formed of a series of upright archea, 
equal and parallel, but placed one behind another in echellon, as is shown in Fig. 1470, in horizontal 
projection. These arches are ordinary npright cylindrical arches, but of unimpcstant length, A B, 
A B, and so on, whose centres O, O, and so on, are placed on the axis of the obhqne arch. They are 
mutually united by other cylindrioil arches H N, M N, whose vonssoirs are embayed to a gresiter 
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Omjae Bridga of Umber. — Oblique bridges are also oonstraoted of wood, but they are all 
formed on the principle of the upright arches in echellon ; that is, they are composed of a certain 
number of equal and parallel girders placed in echellon to one another, in such a manner that their 
homoiogoQs points are situated upon right lines parallel to the axis of the bridge, or the direction of 
the piers. Fig, 1471 represents the vertical projection of a Bemi-areh of sooh an arrangement, 
which is freqnently used for the erection of a more permanent structure. Each girder is composed 
of a horizontal b^un no, supported by an upright post pp, by a principal rafter », and a stmt/. 
These different pejts are united by hangins-braces tn, m. Upon these girders are placed the joists 
saia, which support the roadway 6 6 of the bridge. In the example given in Fig. 1171, the number 
of girders is four. The principal difficulty of this mode of oonatruction consists in the method to 
be adopted to bind together the different girders, in rnder to form the whole into a perfectly solid 
system. The method moat in use is that of nniting all the girders by horizontal braces HH, 
which are then parallel to the direction of the piers. But as the rafters pass tbrongh the bramt 
in an obliqne direction, it is necessary to determine by a draught the apertures to be excavated in 
these braces. Let A B and A' B' be, Fig. 1472 and 1473, the projectionsof one of these ^after^ in 
relation to a horizontal plane passing through its lowest point O. It is necessary to first fix the 
transverse dimensions of the braces, by projecting the rafter upon a vertical plane perpendicular 
to the direction of the piers. 1*1 C O' be this direction, and lot O' X perpendicular to C O' be the 
near ground line. Upon the horizontal projection of the edge which starts from the point C, take 
any point I, which projects at K urion X and at K' upon (J X'. Prolong the perpendicnlars, and 
take npon the second a length K' H' equal to the distance K H, and join O' H', which will be the 
near vertical projection of the edge which touches the point C. Theprojeotionsof the other edge* 
will be easily obtained treaa this, in the manner indicated on the figure. Having thus obtained. 
Fig. 1474, the vertical projections of the rafters npon a vertical plane perpendicular to the 
direction of the braces, we can determine the upright sections M M of these braces. Mark the 
points 1, 2, S, 4, and 1', 2', S', 4', where their feces, perpendicnlar to the new vertical plane, meet 
the ei^es of the rafter ; and project these points, Fig. 1473, upon the corresponding horizontal 
projections of these edges. We can thns trace the petallelograms 1 2 4 S, and 1' 2' 4' 3* according 
to which the rafter penetrates the lateral faces of the braces. Taking, then, in one of these faces a 
point from which we suppoee a horiTOntal parallel to the direction of the piers, let us imagioe 
the braces to revolve round this horizontal, until the lateral faces of which we have just spoken 
have assumed a horizontal poaition. and in this position their different points to be projected upon 
the original horizontal plane of projection. Then, from the summits of the panllelograms 1,2.3.4, 
and r, 2', 3', 4', let fall perpendiculars upon the directiou of the edges of the biMea. Marking, 
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Fig. 1475, the inteneotions of theae perpendiculars with the perpendieolars to ox which aniwer to 
the same figures, we shall obtain the upper and lower tracings of the apertures we wish to determine, 
such as will have to be drawn on the faces of the braces when executing these apertures. Chily, it 
must be obeerred, that as a consequence of the rotatory movement imparted to the braces, it is 
the upper one which is placed to the right in Fig. 1475, and the lower one which is placed to the 
left. We may proceed in the same manner for the other apertures, but it will be noticed that 
they have their faces parallel, and this will much shorten the operation. 

14T2. 14t4. 




im. 



In place of uniting the rafters one to another, the hanging-braces are sometimes connected by 
horizontid ones. This arrangement would give rise to operations analogous to the preceding. 
OoQBsionally a direction differing from the horizontal has been giyen to the braces uniting the 
different beams. 

Tind)er Bridge Ccnstrwition. — The roadway of these temporary structures rests upon seyeral girders, 
generally equidistant. The interval between two consecutiye points of support is called a space. 

The arrangement of the girders varies considerably ; we shall only deal with the systems 
mostly used. 

miere the interval between two consecutive points of support does not exceed 5 metres, the 

girders are simply horizontal beams laid upon these supports, and it is on these beams that are 

placed transversely the cross-beams which sustain the roadway and the pavement. If the interval 

IS to be from 5 to 8 mHres, supplementary beams A A, Fig. 1476, projecting 2 mHres on each side 

and supported by struts //, are laid upon the piles. Fig. 1476 also shows the heads m m of the 

horizontal braces uniting the stakes which form the pile, and the head M of the horizontal piece 

of timber forming the cap of the pile. 

utt. 
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In the ease of intervals of 8 to 12 mMree, a second row of struts //, Fig. 1477, is added, abutting 
upon another supplementary beam B, placed in the middle of the interval. If these secondary 
struts have a length exceeding twelve times their breadth, they are supported by hanging-braces 
a a, which are themselves united tnm one girder to another by horizontal braces m* m\ 
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For greater intervals sereral stages of struts or rafters united one to another by Tertical 
hanging3>nice8 may be employed. When the interval Ib of considerable length, beams bound 
with iron are employed. The bridge at Wittingen, over the Limmat, forming a single span of 
118™* 90, is cited as the most remarkable instance of this kind of construction: it is composed of 
several stages of armed beams, imited by vertical hanging-braces, and supported by seTeial 
systems of struts or rafters of different inclinations, the lowest of which is an armed beam. 

In the several cases just indicated, the dimensions of a beam are calculated as if it were 
simply placed upon supports. The total weight for one interval of the roadway and pavement is 
calculated, and dividing by the number of beams, we have the weight uniformly diffused over the 
length of a beam. If the bridge is exposed to considerable and varying loads, these must be taken 
into consideration : such are, upon an ordinary load, the passage of a vehicle representing a weight 
of 6000 kilos. : or upon a railway, the passage of a locomotive weighing 60,000 kilos., which gives 
80,000 kilos, for each beam« as one is ordinarily placed under each rail. Let a be the length of 
the span, p the weight a linear m^tre, P the weight accidentally applied at the middle of the 
span, we must reconcile the two equations 

B = i^ 0> +!>')<>• = I* ^'O* +/'')<•• [1] 

«d E = 1(1 pa* + 1 Pa) = ^ (^pa^ + ipa). £2] 

calling b the horizontal dimension of the upright section of the beam, and h its vertical dimension. 
We will take R equal at most to 600,000 for oak, or 800,000 for deal, say, 60 kilogrammes the 
square centimetre in the first case, and 80 kilogrammes in the second ; find the proportion of 
A to 6, and deduct A from these two' formulaa ; the greater of the two values then obtained moat 
be adopted. We can then estimate the weight of the beam to introduce it into />, and calculate a 
nearer value for h. 

When the same beam forms several spans, or even the total length of a bridge, it is considered 
as a piece of timber placed upon supports, corresponding to the piers of the abutments. We thus 
determine the moment of flexion corresix>nding to each point of support, and next the moment of 
flexion on any g^ven point of the beam, the maximum of this moment, and by consequence the 
transverse dimensions of the beam. For the same calculations we deduce the reactions of 
the supports, and on the other hand the load sustained by these supports, whence we obtain the 
dimensions of the piles. 

The dimensions of the divisions of the bridge must be calculated in the same way as for a por- 
tion of timber placed upon a certain number of supports, which are here the beams, loaded with a 
weight uniformly diffused, and also with a weight applied at the middle of the interval between 
two beams, representing the movable load cau£^ by the passage of a vehicle. But as this calcu- 
lation is a very long one, a more rapid, but less exact method is preferred. The dimensions of the 
Eortion of the bridge are calculated : 1st, as if the part of this portion comprised between two 
eams formed an isolated portion placed on two supports ; 2nd, as if it were let into the two points 
of support. In the flrst case the maximum of the moment of flexion is given by the formula 

/jL = -~p a> + — P a ; calling a the distance between two beams, p the weight uniformly spread 

over each portion of the bridge, and P the movable load ; in the second case we should have 

The mean of the values of fi given by these two formulie is adopted. When the bridge has to 
support occasionally only the weight of a wagon not exceeding 4000 kilogrammes, the divisions of 
the bridge may be 0""dO distant from one another ; if the accidental load will be greater, they must 
be placed nearer together. But it is well to observe that when only a momentary load is in question, 
wood can be made to support a greater tension than that which we have indicated above, and 
that it is allowable to increase it then to 100 or 120 kilogrammes the square centimetre. 

To calculate the dimensions of the struts,' suppose each beam placed upon the supports which 
are formed by the extremities of the piles and the struts, and determine the reactions of these points 
of support ; for struts analogous to that wliich abuts on the point A, Fig. 1477, we take the 
resultant of the reaction lengthwise to this piece of timber. It will be necessary that this resultant, 
divided by a transverse section of the strut, should give a quotient equal at most to 60 or 80 kilo- 
grammes the square centimetre, according to the kind of wood employed ; for struts such as those 
abutting on the point B, we should distribute the reaction in the direction of the strut, and in a 
horizontal direction ; and make use of these two resultants, to determine in the same way the 
transverse dimensions of the strut and the underlying beam. 

For bridges of great extent, there has been employed in France for fifty years, a system in 
which the beams and the roadway are sustained by an arch formed of a certain number of ciurved 
rafters, bound together by iron straps, and united to the roadway by hanging-braces in a direction 
normal to the arch. Fig. 1478 represents one division of the bridge of Ivry-sur-Seine constructed 
on this plan by M. Emmery. The arch has a chord of 22" -50, and a versed sine of 3" -48. The 
roadway rests directly on the crown of the arch, and the beams are hollowed out to accord with this 
arch. The weight of the roadway is also transferred to the arch by means of braces. The girders 
are fastened one to another, not only by horizontal braces parallel to the axis of the bridge, but 
also by horizontal slanting beams which assist in counteracting the effects of the wind on the 
whole system. 

To calculate the transverse dimensions of the arch exactly, it would be necessary to consider 
the roadway as placed upon the hanging-braces, to determine the reactions of these supports, to 
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take these in a contrary senBe to get the reactions of the bmoea upon the arch, and determine the 
normal oompoinent of these; we should thus have the forces which act upon the arch, inde- 
pendently of its weiffht. But we can obtain sufficiently approximative results by considering 
the weight of the roadway as uniformly spread over the horizontal projection of the arch. In the 

case we are dealing with, the formula ^** = g(-+T")^ K®^«"^y ^^'^i ^ which 6 is the 

transrerse dimension of the arch in a horizontal direction, h its thickness vertically, P the total 
weight of the bridge, p the mean radius of the arch, a the length of the arc with a radius 1 
similar to the arch under consideration, and B a coefficient which it is convenient to take as 
equal to 300,000. 

14T8. 
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Constructors employ a still more simple method, which gives results sufficiently near. It 
consists in regarding the proposed arch as the arc of a narabola, loaded with weights proportional 
to the horizontal projection of its elements. Let O M, Fig. 1479, be a portion of the arch com- 
puted from the vertex. Let us take for the axis of x the tangent to the vertex, for the axis of y 
the axis of the curve. Draw the tangent to M, and by a known property of the parabola this 
tangent will cut O X in the middle I of the abscissa N of the point M. Let M' be a point 
infinitely near to the point M ; draw the horizontal M H and the vertical M' H. The arch O M is 
in eouilibrium, under the action of the weight P (borne by the arc and which passes through the 
midole I of O N), of the tension Q exercised at O in the direction O X, and the tension T which 
is exercised at M in the direction M I. These three forces are then proportional to the three sides 
of the triangle M I N, or of the triangle M M' H, which lb simihir to it. We have then 

M[H _ P dy _px 

MH ~ Q®'5^""Q"' 

designating by P the weight a linear m^tre supported by the arch. Integrating, and observing 

that for X = we should have y = 0, we obtain for the equation of the curve y = ^7^^. This 

equation must be completed by the co-ordinates of the spring ; if the a is the semichord of 

We shall next 



the arch and / its versed sine, we should have / = ^r a*, whence Q = ^-^ 



have 



t = Vp* + q* = v 



^•'•+I^ = />^^ + ^. 



The twnTitniim of T answers to 



X = a, and has for its value T 



= pa V 1-1- 



^' 



This maximum value will serve to determine 



the transverse dimensions of the arc. 

The arch being supposed to resist only by compression, it will be necessary that the maximum 
tension T divided by the area of the transverse section should give a quotient at most equal to 
60 kilogrammes the square centimHre for oak, or 80 kilogrammes for deal. Galling 6 the hori- 

T 

zontal dimension and A the vertical dimension, we shall have -7-1=0*6. If we take the milli- 

6 A 

T 
metre for unity, we shall obtain 6, and deduce A = tt-tt • 
•'* ' 0'66 

For some years there have been constructed in America timber bridges on an entirely different 

system. They were invented to enable railways to pass across considerable streams of water, as 

we have before stated and illustrated. They are called trellis-bridges, because they have exactly 

the appearance of trellis-work. Fig. 1480 represents a portion of a bridge of this kind constructed 

at Richmond, U.S., on the system of Town. The girders, which are 5<"' 125 in height, are formed 

of thick planks arranged trelliswise, applied flat without being let into each other, and joined by 

oak pegs. They are united by several courses of braces, horizontal as regards the length of the 

bridge, and by a certain number of vertical braces. Two equal guides are fastened together on 

each side of the bridge. These two girders leave between them an interval of 3*" '20. They are 

joined above and below by cross-beams, the intervals between which are filled by diagonal work. 

Other diagonals, placed vertically according to the transverse sections, complete the protection of 

this system agaiust the wind. The exterior sides are covered with planks to secure the construction 

8 B 
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Kgainit the effacts of the weather, u ii ahowti on tUd right aide of the Hguie. Thia formi » kns 
■pace of rectangular gection. 

To appreciate the resistaiice of such a construe- l*™ 

tion, ve may consider eech girder as a solid placed T 
upon two supports, londed with a weight nnifonnly ^ 
diffused, and with a load equal to the weiKhtoftwo ^ 
locomotiTea applied in the middle of the span. But J^ 
as the openings here form about two-thiida of the ^ 
total volume, it is advisable to reduce to one-third "^ 
tbecoeCRcientS of the resistance, tiiat is, ta20kilo«. ^ 
a aqaare centimetre for oak, or 27 kilos, for deal. ^ 
Designating by R' the coeCBcient thus reduced, by - 
p the weight of the bridse the linear mbtr«, by P 
the road applied in the middle.of the span, by a the 
length of tAe span, by b the total thiokceM of all 
the traces in a horizontal direction, and by h the 
height of each girder, we shall have to apply the 

formola already used, B' = ^{'aP'''+ i^" )" 
W. FresBO, {□ his course of " Applied Mechanics," has 
endeavoured to estimate in a oiore precise matitier the 
shook supported by each of the pieces compoeitig these 
li^inlers or beams of trellis-work. He considers first 
the simplest case to which the system would tje re- 
duced, as shown in Fig. 1481, to two oourses of in- 
clined rails, A B C D .... A' B' C D' .... jomted ' 
withiDcIinedties AA'.BB', CC, Diy. . . .onthe 
one hand, and A' B, B' C, C D, ou the other: and 
he supposes, in the first place, that the beam thus 
defined supports ouly a single weight 2 P applied '•/ 
in the centre. It follows at once that the beam 
receives from the abutment on the pier upon which 
it rests a vertical reaction P applied at its ex- 
tremity A. Let a be the acute angle which the iuctined rails make with the vertical. There 
must then be equilibrium between the force P applied at A and the tensions or preasnre* of the 
ties A B and A A'; it is then easily seen, by the parallelogram of forces, Fig. 1^, that the tail 
A A' undergoes a pressure equal to F tan. a; and that the rail A A' undergoes a pressure equal to 

If we oezt consider the equitibrinm of the point A', we find by the same means that the 

foioes exercised in the direction A' B and in the direction of the prolongation of A A' mnit be 
eqnal ; and that the tension of A' B' has for its value 2 sin. a, or 2 P tan. a. The eqni- 

libriun of the point 
B B' are equal ; and or 

2 sin. ■, that is, to 3 F tan. a. Adopting the some method with the point B', we find that 

the pressure of B' C is eqnal to that of B B', and that the tension of B' C has for its eipreasioo 
2 P tan. a -t- 2 sin. a, that is, J P tan. a. Continning thus, we find that all ttie ties snppnrt 




pressures eqnal tc 



— ; that the lower horizontal ties support anccessiTe tenaons eiprewed by 



P tan. a, S P tan. a, 5 P tan, a, 7 P tan. s, and BO on ; and the upper horizontal tiea, tensiona 
expressed by 2 P tan. a, 4 P tan. a, 6 P tan. a, B P tsji. a, and so to the middle of the apan. 
Starting from this point, the nune tensions are reproduced in inverse ratio because of the sym- 
metry of the arrangement. If the number of the lower horizontal ties is eqnal, it is the middle tie 
which vrill undergo the greatest tension, and, calling 2 n -H 1. the total number of these lines, tha 
maximum tension will l>e expressed by (2n -H I) P tan.a. If the nnmber of the lower horixontat 
ties is equal, the upper horizontal tie occupjiug the ceutic will undergo the greatest tension, and 
if 2n is the number of the lower tiea, this maximum tension will be exnressed by 2hP tan.a. 

In the second place, the case in which the trellis-work beam would be loaded with a weight 2p 
at each of the intermediate joints, B, C, D, and so on, of the lower course of braoes. If n is the 
nitmber of these intermediate Joints, up represents the vertical reaction which is exercised at the 
point A. Considering, step by step, the equilibrium of the upper and lower points of junction, we 
arrive at the following conclusions : — 

1st. The sides parallel to A A' undergo pressures, having successively for their value — — , 
(n-2)p (B-4)p (»-6)y "- " 



^.andsc 



,re, theoc 



Znd. Two inclined tiesabnttingatthesamepoint, 
by the same intensity. 

3rd. The pressures of the upper ties are represented by the values, 2nptan.a, 4(i 
6 (n - 2) p tan. E, S(_n — 3)p tan. b, and so on. 

4th. The teosioQS of the loner horizontal ties are expressed by up Inn. n, [n -(■ 2 (n 
[» + * (n - 2)3 p tan. o, [b -h 6 (n - 3)]p tan. a, and so on. 



compressed, the other extended, 
-I)ptan. a. 
l)3ptMi.«. 



Callm;; i ths position of a borizoutal tie i 

a upper tie, 2 i (n — i + 1) p tsD. a, and for tl 

[it-t-2(i-l)l 

The mmtfrnimi of the flist ezpresaioii ai 
_i. + 2 



each of these series, we 
e teosioD oF a lower tie, 
.-i+l)]ptai>.«. 



and that oF the a 



; iF these terms are not integers, the maiimmn will not be produced exaetlj, but 
appioximatelr, although n ma? be a lai^ number, as is ordtnaril; the case. We find the Talue 
oF the maximum to be - j) tan. ■ (n + !)• in the flrat ease, and - p tan. ■ [(n + 1)' - 1] in the 
eecond. 6a that, calling N the nnmlier of times that A B ij contained in the length of the span, 
the maximum of precgure or tension of the horizontal ties is expressed bj - p N' tan. a. 

There have been oonstructed in Bavaria timber bridges differing ^m the American system 
only in that the joints of all the pieces of woodwork are niiit«d by cast-iron soskets, and the girder* 
enter the abutments, hollowed out for this purpose. 

In America there has also boon applied another system founded on the use of curved arahet. 
Bnch ia the bridge at Trenton over the Delaware, partially represented in Fig. 1482. The girden 
ere Ave tu aomber : in each, the prinoipal part is an arc of a circle Formed of eight planks super- 
pieod ; it r^ at its extremities upon the piers, and supports the rcadway by means of siupeadiag 
iron bars. The arch is, besides, united to the roadway by pendant ties incliited at an angle oF 45°. 
All the woodwork is covered by a roof, and sheltered laterally by pUnks. The arches of two suc- 
cessive spans abut against each other by means of woodwork tiused upon the piei and elevated to 
two-thirds of the height of the Eur^heB. 

Lastly, there has been constructed at Liep, York oonnty, a bridge of the same kind, but in 
which the roadway, in place of forming the chord of an arc, is placed at mid-height between the 
chord ot the vertex : so that the roadway is suspended underneath the upper portion of the arch, 
whilst it rests npoo Its lower portion. This system, in which the bridge forms a girder, appettra 
to oflbr more resistance. 




Stone Bri(lga.^A.CUa the «ater-wa; hu been fixed, we have to determine the dimension and 
the form of the arches. 

There is a very simple relation between the span of a segmental arch, it* height or versed 
sine, and the radiusof the circle to which the arc belo^s. If 2 c represents the span, or the chord 
AB, Fig. 1483, of the arc, /the versed sine HC, and R the radius O A, the semichord AC being 
a mean proportional between the two segments of the diameter to which it is perpendicular, we 
have ^ + f 

r' = /(2E-/), whenoeEs-^- [1] 

IT we wish to have the eemi-atc A H in degteea, or the angle of the centre A O B, we observe 



that it has fbr its Bine the proportion 



r ^ ; deeignating the angle by a, we have then 



C-J-/* 



It is not umial to give to the proporti 
o ( of the span, and gives sin. a = 2 



n - a lower value than -z 
" 4' 2r, ot thereabouts. 



However, 



this proportim baa sometimes been reduced to — o 



The bridge of Solferino is an example of the form adopted in the eulv 



a height equal 
exoeptional cases. 






bridges. T^ arches. Fig. 1484, hava'a span of 40 mfeto^ and a height of *"-02, They 
are formed of cast-iron voussoiis, of open work in the leading arches and sohd in the intermediate. 
"The figure, 1485, repre«ents the elevation and the transverse section of the first vonssoir of an 
intermediate arch. It will be seen that the section represents a double T, with a oential rib. The 
pFdiment. that U to say, the space comprised between the arch and the roadway, is filled up by 
open-work plates of a trapezoidal form. Fig, 14B6 reprceents one of these plates. 



The girders are united one to uiotber bjr tbree a^etems of croes-jomtB, placed, loine above the 
ribaof the intradoB, othera below it, and otbera upon the ribs which form the crown of the pediment. 
These latter croes-joiittB, al e. distance of 1°> ' 30, oIbo serve to anetain arches of brick and Soman 
cement, upon which the loadwaf and the side-walks are erected. In this system of arches formed of 




Theproe- 

surea to which the Toossoira are Bubject can be calculated as for stone arches. But the inequalities 
of the load are of much greater importance here than in stone bridges. Supposing that one half of 
the span bears the maximum toad of 400 kilos, a square mfitre, whilst the other onlj' supports its 
own weight, we can determine on this hypothesis the direction and intensitv of the thrust on the 
key. Let Pand P, Fig. 1487, be the weights supported by the two haJTeB,H the point of applio*. 
tioo of the reaction N of the two halves of the arch, and B C the oblique direction of this reaction. 
We let fall from the sprinfra A and A', upon this direction, the perpendiculars A C and A' C, and 
erect the verticals A B and A' B'. Let p and p' be the distances of the forces F and P* from the 
points A and A'. We shall have for the equilibrium of the first half of the arch the fonnolB 
N X A G = Pp, and for the equilibrium oC the second half N x A' C = Fp', whence dividing 



AC 
term may be replaced by the proportion of A B to A' B', which gives 



AB + A'B' Pp + Pp' 
■eqnenlly there results A B = 2 H 



the triangle ABC and A' B' C being similar, the first 

^^-^.whenc. 

Now, calling H the height IR, we have AB + A'B' = 2 H,eon- 



;— , , from which we can obtain the diiectioD of the force 



Fp + P-p- 
N, next the distance A C, and ultimately the intensity of the thrust N. 

The mcst remarkable example of a bridge with straight iron beams is the Britannia Bridge, 
constructed in 1850 over the Menai Straits, by Robert Stephenson, on the Chester and Holyhead 
Railway. This bridge traverses an arm ot the sea at 33 mHres above high water, by means of 
four spans, of which two are not less than 140 metres long. This bridge has the form of a long 
tube, with a rectangular section of B"*144 in height by 4"'S0 in breadth. Its upper casing 
wall is itself farmed of eight equal tubea, fastened one to another, of a square section of O'-SSS a 
aide, and jla flooring is formed of six similar tubes O^-BSS high by 0--711 wide. The lateral 
walls are solid, and united, both above and below, by triangular brackets I°>'22 high bv 0~-533 
wide. Since the completion of this work, about which a ' ' * i , _ 

written, bridges with beams of iron plating have multiplied con- 
sideraiity. In bridges of small dimensions the beam is composed 
of a long plate of sheet iron, made fast at top and bottom by angle- 
iron ; Fig, 148B gives the section of this beam. It is strengthened 
from distance to distance by transverse plates having the same 
height as the beam, and towards the top the same width as the 
upper plate, while towards the bottom they are of greater width. 
"rhis form is represented by the dotted lines on Fie, 1488, In the 
more important bridges, the beam is a tube with a rectangular 
section, formed of four plates of iron held t(«ether by angle-iron. 
Fig. 14S9 is the section of a beam of this kind. The arrangement 
of theee beams has been varied in many ways, those jost described 
are the moat generally used. On railways, beams am^ogous to that ' 
of Figs. 1488, 1489 are ordinarilv placed above the roadway which 
rests . on the lower ribs ; these bwns are three in nnmber, and the trains peas along the spaces 
between them. It follows, whan the bridge Is ot la^ge dimensions and the beams consequently of 
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great height, that the prospect is completely shut out when passing oyer rivers, that is, at the 
most picturesque parts of the way. To obviate this inconvenience, the German engineers have 
endeavoured to replace the solid walls of the beams by walls of trellis-work ; but this system, in 
which one of the sets of bars forming the trellis is elongated while the other is compressed, does 
not afford sufficient solidity. 

To determine the transverse dimensions of straight beams, they are considered as prismatic 
bodies placed upon two supports, loaded with a weight uniformly diffused, and with a load applied 
at the centre. If p designates the weight a m^tre uniformly diffused, P the load applied at the 
middle of their extent, x the length of this, R the limit of tension which must not be exceeded, 
A the height of the bridge, and I the moment of inertia of its upright section in relation to the 
horizontal drawn in this section through its middle, or, more exactly, through its centre of gravity, 

— A 

2/1 1 \ 

we shall have to apply the empirical formula B = -=-(-pa* + -Paj. But it is necessary to 

observe here that, as in the case of timber bridges, if the load is the weight of two M90. 
locomotives crossing at the middle of the interspace, as this is an exceptional load, 
we may admit that the plates, in place of only having to support, as ordinarily sup- 
posed, about -X of the tension corresponding to its limit of elasticity, momentarily 
supports 4 ; tnat is, in place of taking for B 6 kilos, a square metre, we should take 
12 kUos. 

In arched metal bridges, the beams which sustain the flooring are ordinarily of cast 
iron, in the shape of a double T. But sometimes it is required that the resistance should 
be tne same in all the transverse sections, at least over a certain extent, starting from 
the key. To this end, the distance between the internal edges of the ribs is made 
to vary. If, for example, A stands for the distance between the ends A and C^ Fig. 1490, 
b the aistance between the points A and B, A' the distance between the points A' and 
C, and 6' twice the distance A' I, A' Ib made to vary in such a manner that the resist- _ 
anoe caused by the weight uniformly diffused may be the same for each section within ^ 
certain limits. 

Let p be the weight uniformly diffused, and a the length of the interspace ; each point of 

support will exercise a reaction equal to -^ p a ; the moment of the forces which act upon this 

space, from the point which has for its abscissa x, computed from one of the extremities as far as the 

other extremity, will have for value fi =p(a - x) — (a-a?) = - -^pa^a^x); or fi = -p(a« — jb^). 

The moment of inertia of the section in relation to the horizontal passing through its centre of 

gravity is besides, according to an empirical formula, I = -r^ (6 A' — 6' A'>) ; finally, the ordinate 

12 

of the most distant rib from the axis is o = -^ A. 

Calling B the limit of tension not to be exceeded, we shall then have, taking only the absolute 

value of ft, B = -^ = -^^j — , a formula which will give the values of A' corresponding to 

1 6 «• — 6 A* 

the values of x. But as it is not necessary that the thickness A A should be less than the thick- . 
ness of the vertical nucleus, as soon as A' has attained the value that is given for this thickness, 
we cease adding to A', and diminish A as far as a limit fixed beforehand. On the Auteuil railway, 
for instance, we have, according to M. Claudel, 

p = 1600S A = 0"-60, 6 = 0»"28, V = 0«-26, a = 8 metres; 
and, taking B, for want of better knowledge, as equal to 6,000,000, we find the value of x corre- 
sponding to the key, that is for x = -- a A = 0™ * 52, which will give 0<" *08 for the thickness of the 

two united ribs, or 0"»-04 for each of them. We find that for x = 1"*'44 (about), the thickness of 
each rib is reduced to 0"'02, which is the thickness of the nucleus; A and A' are then diminished 
by an eaual quantity vrithout decreasing the thickness of the rib, until we reach A = 0""40, the 
limit of height fixed beforehand. 

The cross-bars are also ordinarily of a double-T section. On the Auteuil railroad we have 
a = 2", A = 0<"'80, 6 = 0°"20, 6' = 0"*188, whence we deduce 0"<^'014 for the thickness of the 
nucleus and the ribs. 

Suspenskn Bridges. — The first consideration in suspension bridges is to determine the geo- 
metrical position of the angles of the polygon formed by the points of attachment of the suspending 
rods. It will be observed, first, that each couple of rods corresponding with the two sides of tlie 
roadway nmy be considered as bearing half the weight of each of the two interspaces comprised 
between the couple of rods and the preceding or following. If the rods are equidistant, they will 
consequently sustain eaual weights. U the rods were infinite in number and infinitely dose to 
one another, each couple would sustain an element of the roadway, and any ffiven portion of the 
chain would sustain a weight proportioned to its horizontal projection. On this hypothesis it is 
easy to perceive that, disregarding the weight of the rods, the chain would assume the form of a 
parabola to the vertical axis, the equation of which is easily ascertained. Let A, Fig. 1491, be 
the lowest point of the chain. At this point is exercised a horizontal tension which we will 
represent by Q. Let us take for the axis of y, the vertical of the point A, and for the axis of x 
a horizontal O X drawn at the height of the roadway. Let M and M' be two points of the 
chain infinitely dose to one another ; let T be the tension of the chain at the point li, a force 



742 



BHIDOE. 




which 18 applied in the direction of a tangent at this point. If a designates the angle of 
this tangent with the horizon, the horizontal and vertical components of T will be T oos. a and 
T sin. a. Passing from the point M to the point M', 
these components will become T oos. a + <3f, T sin. a, and 
T sin. o + (i, T sin. a. 

Let 2 /) be the weight a lineal mbtre of the bridge, 
2pdx will be the weight of an element of this bridge, 
and pdx will be the weight of ihe portion N N' of the 
bridge supported by a rod jointed at the middle of 
the element MM'. This element being in eqnilibrinm 
under the action of this weight and of the two tensions CT 
already considered, we shall haTe, by taking the sum of 
the horizontal components (T cos. a + d, T cos. a) — 
Tcos. a = 0, or (f, T cos. a = 0, whence 

Tcos. a = const. = Q; 

and taking the sum of the vertical components, 

(T sin. a + d, T sin. a) — T sin. a —pdx = 0, or rf, T sin. o = p dx, 

Q 
and substituting for T its value , d Q tan. asspdXjOrQdy' zzpdx, calling y' the angular 

COS. (I 

coefficient of the tangent at M. Integrating and observing that the point A is the lowest 

p 
point, we have y' = for x = ; we obtain Q y' = px, or dy = ^ x d x. Integrating afresh 

and designating by y, the ordinate of the point A, we find 

the equation of a parabola which has for axis the axis of y, d being employed as the differential 
sign. 

Without supposing the rods infinite in number, if we suppose them equidistant, as is ordinarily 
the case, and disregarding their weight, we may demonstrate by very slight consideration that the 
angles of the polygon formed by the chain are upon a parabola. Let M, 'M\W\ Fig. 1492, be three 
consecutive points of the chain ; let T and T' be the tensions of the sides M M' and M' M", and P 
the weight supported by the rod M' N'. The point M' being in equilibrium under the action of 
these tlu-ee forces, the sum of their horizontal components is equal to ; that is to say, the horizontal 
projection of the tension of any given side is a constant quantity ; we will designate it as above, by Q. 
Produce the side M M' as far as K ; the three forces T, T', and P, will be proportional to the three 
sides of the triangle M' M" K, which are respectively pandlel to them. If then we represent the 
tension T by the side M M', or by its equal M' K, the tension T will be represented by M' M", 
and the weight P by M" K. Now the weight sustained by each rod is a constant quantity, since 
the rods are equidistant ; the length M" K is then also constant. Draw the horizontals M I and 
M' H. The length M' I or its equal K H being the primarv difference of the ordinate M N ; that 
is to say, the difference between M' N', and M N, and M H, being the primary difference of the 
ordinate M' N', that is the difference between M" N" and M' N\ the length K, which is the differ- 
ence between these two primary differences, is nothing else than the second difference of M N. 
The centre of curvature of the points of the chain has then this property, that the second difference 
of the ordinate is constant ; it is then a curve, the equation of which is in the form y^a + bx-^cj^, 
that is, it is a parabola, whose axis is parallel to the ordinates. 



1492. 




1493. 




Finally, still disregarding the weight of the rods, whatever may be the successive distances of 
the rods one from the other, the consecutive points of attachment of the chain are always upon 
a parabola. Let Mo, M,, M„ M,, .... Fig. 1493, be the consecutive points of the chain ; r^ 

.Vof -^ij l/i, ^2f ^sf their co-ordinates in relation to two rectangular axes, the one vertical passing 

through the middle of the horizontal side m M„ and the o&er horizontal ; P., P„ IV P„ the 
weights supported by the corresponding rods ; T„ T„ T„ . . . . the tensions of the consecutive 
sides ; Q their common horizontal projection. It is sufficient, in fact, to consider the equilibrium 
of any given apex and make equal to the sum of the horizontal projections of the forces acting 
upon it, to see that all these tensions have horizontal projections equal in absolute value. Let u» 
consider the equilibrium of the point M^ ; the weight P^ applied at this poLat has for its expression 



. = P (x. + ^^"j = Ip (X, + X.). 



[3] 
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designating by p the weight a linear m^tre sustained by the chain, which is the half of the weight 
per linear mi^tre of the roadway. Making equal to the sum of ^e horizontal projections of the 
forces Q, T, and P^ we obtain 

Q = T, oca. Mj Mo H = Tj ^^* • 
Making equal to the sum of the vertical components of the same forces, we find 

|(*. + x^ = T, sin. M, M.H = T. ^^V 
If we divide term by term the two proportions just established, we obtain 

^1 '!+*.)= J^Jr whence y.-yo=^(*?-*S). M 
If we consider the equilibrium of the point M„ we shall find in the same way 

whence dividing term by term, 

Applying the same method to all the other points, we shall obtain analogous relations; and if 
Xm - 1, ^H - 1, and Xn , yn represent the co-ordinates of any two given consecutive points, we shall 
have 

y« - y» - I = 2^ (*; - jr2- i). [6] 

Adding term to term all the relations thus obtained, and reducing, we find 

so that by suppressing the index n we have for any given point of which x and y are the co-ordinates, 

y-y. = 5^(«'-j?S); m 

this is the equation of a parabola whose axis is vertical, and which has for its vertex the point of 
the axis of y having for its ordinate y^ — ^-pr x^. 

If the chain had no horizontal side, we should make the t/ axis paw through the lowest apex 
M, ; we should then have or, = 0, and applying the same method, we should find the equation of 
the parabola to be 

»-y. = ^«'- [8] 

Having the equation of the curve, we can easily deduce from it the horizontal component Q of 
the tensions of the sides. In fact, the point at whiAi the chain meets the vertical, elevated at the 
extremity of the roadway, may be considered as a» ^^^^ 

point of the chain ; now tnis point is always given. 
If the chain is symmetrical with relation to the Y 
lowest point, the co-ordinates of this imaginary 
point of attachment are the semi-span a of the 
oridge, and the height h of this point above the 
axis X ; we should then have, in the case of the 
formula [7], 

*-». = ^(a'-xS).whe=ceQ = l/4=^>.-^ 

In the case of the formula [8], we should have 

Thus, by assuming the supposed point of attachment, and the point M«, we determine the 
ordinate of a point of the chain corresponding with a given abscissa, and consequently the point 
corresponding with a given rod, as well as the horizontaJ tension of the chain. 

The actual point of attachment is always situated beyond the point which we have called the 
imaginary point of attaclmient. 

It is easy to deduce from the preceding the tension of a given side of the nolygon formed by 
the chain. Let M« . i and M,, Fig. 1494, be two given consecutive points, and T, the tension of 
the side M,-i M.. The portion of the chain comprised between the point M^ and the pomt 
M, _ I bears the weight of the roadway comprised between the axis of y and the vertical passmg 
through the middle of Bi^. i, M« ; this weight has then the value 

This portion of the chain is in equilibrium under the action of its weight, and of the fowes Q 
and T, ; calling a, the angle of the side M, . i M. with the horizon, and making equal to the 
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sum of the horizontal oomponents and that of the vertical components of these three foroea, we 
obtain T» ooe. a» = Q, and T, sin. a. = P«, whence, squaring, adding, and extracting the squaie 

root: 

T« = ^ Q« + P« . [9] 

This tension increases with P« ; thus the maximum of tension is pkced on the hist side. In 
order to calculate it more easily, we may suppose that the lowest point of the chain is the vertex 
of the parabola, which is to place it in the case of the formula [8] ; and if we call b the differ- 
ence h — y„OT the height of the point of attachment above the lowest point, we have 

Besides, we have then P = j>a; calling T the maTinnim tension, it follows that 



T = \^t>'a»\^t,m'r=paVl + ~ [10] 




j)«a»jp»jj,orT=i,aV 1 + — . 

The horizontal tension and that of the different sides of the chain may also be determined 
geometrically when we know the incUnation of the last side. To make thu clear, we will take 
the case where there is a horizontal side. Upon a vertical of indefinite length let us take the 
lengths I A, A B, B G, . . . . D H, Fig. 1495, proportional to the successive weights supported 
by the different rods; that is to say, to half the sum of 1495. 

the weights of the two adjacent divisions of the bridge. 
From the point I draw a horizontal, and from the ex- 
treme point H a right line, having the inclination given 
by the last side of the chain. These two right lines 
meet at a point O; draw OA, OB, OG, . . . . OD. 
The right line I H, representing the weight borne by 
the rods O I, will represent the horizontal tension Q, and 
the lines O A, O B, O G, and so on, will represent the 
tensions of the successive sides of the chain ; O H will 
represent the tension of the last side, which is the maxi- 
mum tension. If we first consider the portion of chain 
comprised between the first rod and the last, we see that it is in equilibrium under the action of the 
horizontal tension Q of the tension T of the last side, and of the weight P of the roadway borne by 
these rods. Now, these three forces being parallel to the three sides of the triangle O I H, they 
are proportional to these sides; and since r is represented by I H, it follows that Q is repre- 
sented by 01, and T by OH. 

Let us now consider the point of attachment of the last rod ; it is in equilibrium under the 
action of the weight />, suspended to the rod, of the tension T of the last side, and the tension T* 
of the preceding side. Now, the two former forces being represented in magnitude and in direc- 
tion by the two sides D H and O H of the triangle O D H, the third force T' must be represented 
in magnitude and in direction by the third side O D of this triangle. We should thus demonstrate 
step by step that O G, O B, O A, and so on, represent in magnitude and direction the successive 
tensions of the other sides. An analogous mode of reasoning would be employed in case there 
were no horizontal side. In both cases the force Q is the horizontal projection common to aU the 
tensions. ^ 

It is necessary to determihe the length orthe chain. To obtain this, we might calculate suc- 
cessively each of its sides by means of the co-ordinates of its extremities. But this method is a 
very laborious one ; and we can obtain a sufficient approximation by substituting for the polygon 
the circumscribed parabola, of which we have the equation. We take for this the equation [8], 
in which we suppress y„ which amounts to making the x axis pass through the lowest point ; we 

thus get y = ^ *', or, replacing Q by its value, oP t» 

. » = »5- [11] 

Galling s the length of the arc of the curve computed from the vertex, we have 

da = dx Vl + y**; 

but y* = 2 6 -V, consequently da = dx v 1 + — 7— . 
a" a* 

In the ordinary application, h is small in comparison with a ; besides, x is at the most equal 
to a ; the fraction under the radical is then very small ; and we may, without perceptible error, 

add under the radical — ^ ; the quantity under the radical then beoomes a perfect square num- 

her, and extracting the root, we obtain da = dx ( 1 + ]• 

Integrating, and observing that for x = we should have a = 0, we find 

2 6»x» 

and for x = a, 



— i?"('-i5> ™ 



which is the length of the parabola from the lowest point up to the point which oorresponds with 
the extremity of the roadway. 
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This length of the chain is ita abaolnte length under the action of the load which it supports ; 
it is greater than its original length «, by the elongation produced by tension. Let 9 be a mean 
between the maximum tension calculated above, and the horizontol tension Q ; the elongation of 
iron a linear m^tre being 0*00005 metre for a tension of 1 kilogramme a square mUlimHre of the 

section, calling « the section of the chain expressed in square millimetres. < - s^ = «« -O*" 00005, 

8 

whence «, = . The length a will vary ?rith the temperature ; the coefficient of the 

1+-00005 

expansion of iron, roughly estimated, is 0*0000122, so that passing from to the temperature t, the 
length 8 becomes «' = «(! + 0*0000122 1), From this results an increase of the versed sine, which 
it is necessary to know how to calculate. Now, if in the formula [12] we allow s and 6 to become 

variables and diiferentiate, we have d8= ^db. For in considerable expansions we may admit 

that the final increments of 9 and b are plainly proportional to increments infinitely small ; we 

then write 46 , , Sa 

A « = tr- A 6 , whence A 6 = - ^ A s , [13] 

. A 6 signifies the finite difference of 6. 

This formula gives the increment of the versed sine A6 corresponding with an increase of length 
A f of the chain. We thus find that for a bridge of 100 metres span, in which case a is equal 
50 metres, and having a versed sine of 5 metres, the latter is augmented by 0*"*185 when the 
temperature is raised from to 80^. 

The section of the rods is easily calculated according to the weight they have to carry. Take 
the value of the weight of the roadway which the rod has to support, and add to it, according 
to the regulations laid down, a load of 200 kilos, a square m^tre ; divide the sum by 12 kUos. in 
the case of iron bars, and by 18 kilos, in the case of wire rope. The quotient expresses in square 
millimetres the section of the rod. 

The section of the chain is determined according to the maximum tension which it has to 
support. This tension is obtained by taking into account at first only the weight of the roadway, 
of lis loadj and of the weight of the rods. We thus obtain for the section of the chain an approxi- 
mative value, whence we deduce the approximative value of the chain itself. Becommencing the 
calculation by introducing into the total weight that of the chain, we obtain a near value for the 
section, which is in general sufficiently near for all purposes. The small beams supported by the 
rods by means of iron straps may be considered as prisms placed upon two supports and loaded with 
the weight of the fiooring-planks, which form two semi-interspaces, having the regulation load or 
weight uniformly spread over the length of the beam. The dimensions of the fiooring are calculated 
in a similar manner. The regulation load of 200 kilos, a square metre represents the weight of 
three men. If the bridge is intended for the passage of vehicles, it is necessary, in the calculation 
of the section of the chain and that of the rods, to take into account the weight of two conveyances 
at least ; and to consider them as crossing one another upon a given interspace. It is also necessary 
to consider this circumstance in the calculation for the smaller beams and the floor, independently 
of a weight uniformly distributed ; we have then to consider a weight applied at a given point, for 
example in the middle, which is the most unfavourable case. 

We require y> calculate the lengths of the rods. If they are not equidistant, each of these 
lengths must be calculated by means of the equation of the parabola, and taking the sum. But 
the calculation is simplified when the rods are equidistant. Let us consider first the case in which 
there is no horizontal side. We have seen that the equation of the parabola in relation to its 

vertex is then y = 6 -= . 

Let us designate by X the width of an interspace ; the successive lengths of the rods, computed 

from the axis of x, that is to say, from the horizontal which starts from the lowest point will have 

6X* 64xs 69x> 6n>xs 

for their respective values -,- , --j-i — p- , . . . . — 5— 1 calling n the number of rods. The 

6x* 
sum 3 of these rods will then beS = — jp(l + 4 + 9+*..* + n'). Now the sum of the squares 

of the consecutive numbers from 1 to n has for its value ^ -, we shall then have 

^ 6x« n(tfH)(2n+l) 

'-"5" 6 

We may simplify still more this expression by observing that we have 

a = (a + 1) ^ whence - = • 

O H + 1 

Substituting this value for — , and reducing, we find 



a 



If there is a horixontal side, the most simple method is still to take the parabola in relation to 
its vertex, in which case the etiuation [8] is reduced further to the form y = ^ x* = 6 --^ , since 
the transposition of the axis of x does not change the parameter. But the absoisBa of the points 
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of attachment of the rods are then, designating by c, the half-interspaoe, c, 3 c, 5 c, 7 c, (2 n^l) f, 

n designating the nnmber of the rods. We have then in this case 

6c> 



5 = 



[1+9 + 25 + 49 + (2 n - ly]. 



Now the sum of the sqnaros of the ii first nneqnal numbers has for its yalne ^ , 

a^ b 

This expression may be simplified by observing that we have a =c 2 n +1, whence ~ = 
Substituting and reducing, we obtain as a final result 



a 2i»+l 



(2n-l)2n ^ 1 . 2n--l 
~ 6(2n + l) 3 2n+l 



[15] 



We may remark that the values of 2 given by the formulce [14] and [15] differ very slightly 

from — 6 n ; so that when we only require a summary estimate, we can get the sum of the lengths 

3 
of the rods by multiplying the third of the greatest by the number of these rods. 

The formulsa [14] and [15] give the sum of the lengths of the rods only as far as the tangent 
to the vertex of the parabola circiunscribed on the chain. It is necessary to add further the lengths 
of the portions of the rods comprised between the tangent and the roadway. If the latter is hori- 
zontal, calling 8 the distance from the vertex of the curve to the roadway, we must add n 8 to the 
sum already calculated. Sometimes the roadway has a slightly parabolic form, the convexity being 
turned upwaids. In this case it would be necessary further to add to the sum of which we speak 
the sum of the ordinates of the new parabola, correspond- . 1495. 

ing with the same abscisssB ; they aro calculated like the " 
first sum. 

We have supposed up to the present that the \ H 

chain was composed of two synmietncal portions, its ji 
vertex corresponding with the middle of the road- 
way. This is not always the case ; but, knowing the 
heights h and A', Fig. 1496, of the supposed points J^ 
of attachment H and H' above the tangent to the 
vertex, and the length A A' = L of the roadway, it is easy to determine the distances a and a' 
from the summit of the parabola to the extromities of this roadway. For we have, first, a-^ a'= L. 

P P 

Next we have, since the points H and H' are upon the parabola, h = ^ a? and h* = ^ a7, 

h cfl a fj h 

whence 7r= -= , or — , = . . 

A' <^' «' Va' 

We also obtain from the two relations between a and a' the values 




a = L 



and a' = L 



^ h +^ h' ^ J h +fj h* 

• 

which determine the position of the point O. This point being known, we may apply to each of 

the branches O A and O A' the calculations and the formulsD oelonging to the case in which the 

point O was supposed to be in the middle of the roadway. 

We have also supposed that there was only one chain on each side of the bridge ; generally 

there are several ; but the projection of their vertices upon a vertical plane parallel to the direction 

of the bridge is upon the same parabola. The calculations are made as if all these vertices 

belonged to one chain. If there are four, the first bears the rods 1, 5, 9, &c. ; the second, the rods 

2, 6, 10, &c. ; the third, tlie rods 8, 7, 11, &c. ; the fourth, the rods 4, 8, 12, &c. 

1407. 

1498. 





The chains or cables rest upon the ^iers or abutments by means of fixed or movable supports. 
In the first case, these supports are piers of masonry, or cast-iron pillars. The chains are not 
attached to these ; they pass over rollers, or portions of rollers, known as revolving sectors. Fig. 1497, 
which themselves rest upon a plane surface. The intention of this arrangement is to distribute 
the pressure more equally over the different portions of any one chain, and to counteract the rupture 
which might result from an inequality of tension between two consecutive portions of the c-hain. 
Occasionally the chain is even made to pass over three rollers, of which one, that in the middle, 
is placed higher than the others, in order to diminish the angle of flexion of the chain, Fig. 1498. 
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The movable rapports ue eolamns or Urge caat-inti nprighta, reatiag upon a flied Enpport b; 
mekDi of a horizontal rounded edge. ThU Eirrangement hsa the same intention as the lue of 
friotion-rolleni or revolving sectors. The leosion ia diBtribated equally betweeo the two iliviaions 
of the oable, and the resultant of the two equal tenaioDB is directed aooordiog to the biseotriz of 
the angle formed by the two divisions; it leans towards one or the other side, acoordiog to the 
inequality of the load of the two roadways. It is plain that if, from the effect of a passing load upon 
one of these two rondwayB, the tension of the chain is augmented, tbe chain is drawn towards that 
side, and by adherence draws with it the movable pillar, making it revolve round its resting point 
0, Fig. 1199, until the tension dmunishing on that side and increasing on the other, becomes equal 
to the two divisions. 

The base of the pier must be so arranged that, meeting the remit of the two tensions, with the 
weight of the pier and the revolving column, we obtain a total resultant which meets the base of 
the pier at a point in its interior, anmcieotly removed f>om the nearest edge to avoid crashing the 
stone, and will also make with the vertical an angle inferior to the angle of the friction of the 
pillar on the stone, that is to aay, inferior to 37°, or the anglt of friction. 



(^ 



Each of the eitromities of the chain, after having passed over the filed or movable support 
which oorreepoDds to the abutment, is carried into the ground, penetrating into a solid mass of 
masonry, anited to tbe pier. Fig. 1500 shows this arrangement; the chain after naseing over the 
support, takee the direction A B, generally more nearly approaching the vertical than the last 
sioe T A ; at B it assomes a bent direction, so as not to require in the mass where it is moored 
dimensions needlessly great; with the point of inflection there usually corresponds a smaller 
revolving support ; Uie chain afterwards descends in the direction B C into an inclined channel, 
which is terminated by a narrow opening dosed by a plate of cost iron, to which the cham is 
fixed ; below this is the mooring-hole C, into which there is access by tbe opening D to reach 
the point of Bttachmont. The same opening usually serves for aooess to the two cavities on 
tbe same bank commnnicating one with another by a vaulted gallery. It is necessary for the 
equilibrium and stability of the system, that on composing the tension in the direction of A B 
with the weight of the mooring-block, a resultant should be obtained which meets the mass of the 
block at a point in its interior, at a sufficient distance from the nearest ridge, and which will 
nmke, with the vertical, an angle inferior to the anglt of friction considered above. In accordance 
with this, the dimensions and consequently the weight of the block are determined. 

As a rule, no great height is given to the sapporta, whether fixed or movable; it follows that 
the tension Q is rather considerable, for it vanes in inverse ratio with the height ; but in an 
economical point of view there is less inconvenience in slightly augmenting the section of the 
chains, than in increaaiDg the height of tbe rapports, which wonid besides have the effect of 




diminishing stability. Where wc aro obliged to give a jnwal height to the supports, they are 
united by stays A B, C D, Fi;;. ■■'■01, which arc attached to the top of one of tbe picn and fixed 
at the fool of the other : tbo figure shows this antuigemont. 
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We haTO said that the actual point of attachment of the chains does not 
coincide with that which we have called the imaginary point of attachment, 
which is upon the vertical of the extremity of the roadway. In this in- 
terval, the chain having only its own weight to carry, affects the form of an 
arch of chainwork, which accords with the parabola circumscribed on the 
chain ; but the two curves differ then so little one from the other, that we 
may without appreciable error consider the arch of chainwork as the prolon- 
gation of the parabola. 

Iron Bridge Building. — ^The Charing Cross Bridge, erected to support the 
Charing Cross Railway over the Thames, occupies the site of the Hungerford 
Suspension Bridge. 

This bridge comprises nine spans. Fig. 1502, six of 154 ft. and three of 100 ft. 
The superstructure over the three latter spans is fan-shaped, Fig. 1503, inasmnoh 
as the ground available for the 

Charing Cross Station being ^^^jt -^ uoa. 

somewhat restricted in length, 
it was necessary to bcRin the 
widening out on the bridge. 
It was found necessary to 
divide the opening between 
the Middlesex pier and abut- 
ment into three spans of 100 
ft., instead of into two spans of 
154 ft., as on the Surrey side. 

The bridge is carried by 
cylinders, sunk into the bed 
of the river, and by the piers 
of the Hungerford Suspension 
Bridge, Fig. 1502, the upper 
portions of which have been 
removed, while the lower por- 
tions have been added to and 
modified, so as to adapt them 
for the railway bridge. The 
abutments of the Hungerford 
Suspension Bridge are also 
retained, but have been consi- 
derably lengthened and al- 
tered. The width of the river 
at the bridge is 1350 ft. The 
greatest depth of water be- 
tween the two brick piers is 
13 ft. below low-water spring 
tides, and the average depth is 
about 10 ft. The rise of spring 
tides is 17} ft. The level of 
the rails is 31 ft. above Trinity 
high-water mark, and the clear 
minimum headway is 25 ft. 
above the same level. 

This bridge was designed by Hawkshaw, but the practical part of the 
work, which is by far the most considerable portion, is due to the engineering 
skill of Joseph Phillips. 

Cylinders for the Openings 154 ft. Span. — The cylinders, excepting those 
at the fan end, are 14 ft. diameter below, and 10 ft. diameter above the 
ground, the junction between the two sizes being effected by an interme- 
diate conical length, Fig. 1504. There are four piers (three intervening 
between the towers of the Hungerford Suspension Bridge and one between 
the tower and the abutment on vie Surrey side) formed of cylinders of the 
above diameters, and each of the piers consists of two cylinders, 49 ft. 4 in. 
apart, ttom centre to centre. They are of cast iron, and are shown in detail 
in Figs. 1505 to 1507. The circumference of each cylinder of 14 ft. dia- 
meter, is divided into seven equal parts or segments, the segments being 
generally 9 ft. high ; that of the cylinders 10 ft. diameter, is divided into 
five equal parts or segments, each segment being also generally 9 ft. high ; 
whilst that of the intermediate or conical piece is similarly divided into 
five equal parts or segments, each 9 ft. high. The segments are fastened 
together inside, by bolto 1| in. diameter, passing through flanges cast on the 
top, bottom, and sides of the segments. A horizontal interior strengthening 
no is cast on the middle of each segment. All the joints of the segment^ 
both horizontal and vertical, are planed, and spaces are left inside be- 
tween the flanges for the introduction of iron cement, to render the joints 
water-tight. The vertical joints of the segments, in each of the two lengths 
of different diameters respectively, are over one another. There are thus con- 
tinuous vertical lines of ribs, securing a strong columnar arrangement. The 
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horiioDttl joiuts can kUo be made to fit better in thia irejr tlwn by biMking the Tertickl jointi. 
The thickness of tbe metal in these cy linden is 1 ^ in. thronghoat, excepting in the bottom length, 
where it is 1^ ir 



brick piera, were kUowed to be narrawed to th&t eilent. Tba itaging med in the two Snn«r 

raiagt, which wu genenll; similu to that employed for the other openings of the nme span, is 
wn in Figs. IS06, 1009. The part up to the lower plstform wu erected for the purpon of 
•inking the cylinders. This ww aflerwud* carried np, ud the 15-ft. opening qiuuied, fw the 
pnrpoee of erecting the girders. 
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The Btrata throngh which the cTlindera are mnk, Fip. 1502, oonaiat of mud kbA sistcI, of 
TarriD); thickueBsea, overling the Londou clay. The cvlindera were mnk by excantting the 
material from the innde, by means of divent. and then by weigbtins them as the eioavatioo 
proceeded, antil they had passed through all the poroos material, and had entered a few feet into 
the solid London clay. The water was then pumped out, and the cylinder was kept dry doriiiK 
the rest of the operation. The sinking was thea proceeded with, by excavating the material ana 
by weighting the cylinders. The weight with which it was foand Deoessary to load the oylindera, 
in order to overcome the friction of uie aides, and to sink them to their final depth, averaged 
Bboat 150 tons. The London day extended to a depth far below the level at which the cylindera 

[ftnent and the brick pier, are aniik 
e between the two brick piers aro 
snnk to a depth of G2 ft. below the same level, excepting the up-stream cylinder of the middle pier, 
which had to be sunk 10 ft. deeper, on account of some of the material through which il passed 
being softer than that met with at the sites of the other cylinders. 

Filliag-ln llie Cyliaderi, and Wfi^Mirvj. — After the cylinders had been sunk, and the material 
had been excavated, they were flllod with concrete up to where the conical part commeDcea, and 
with brickwork fmm that level to the under-side of the granite beariag-blooka occupying the lop 
of each cylinder. The concrete woa composed of Thames gravel or balUat, that obtained fmm the 
excavation from tbe inside of the cylinders being osed, so far as it was saitable and sufficient^ 
This was mixed with Portland cement, in the proportion of one part of cement to seven parts of 
gravel. The brickwork is generaUy composed of the best pavioiir bricks, set in Portland cement 
mortar, in the proportion of one pert of cement to two parts and a half of sand. 

Before the lengths above high water were put on, the cylinders, after they hod been filled with 
the concrete and brickwork, were weighted with a load of about 450 tons, eiceptine the two 
cylinders in the pier nearest to the Bnrroy aide, which were the first sunk, and weighted each 
with TOO tons, that being about the greatest load that could oome upon any one cylinder, assuming 
tbe four lines of rails on the bridge to be loaded with locomotive engines. Upon the removal of 
the loads, it was found that each of the cylinders which bad been weighted with TOO tons had 
permanently sunk 4 in., and each of tbe others that were loaded with 4^) Ions bad permanently 
sunk, on an average, nearly 3 in. The larger loads were applied in order to test the strength of 
the foundations, and the subsequent smaller loads to bring the cylinders to a bearing, so as to 
prevent Emy settlement, after the completion of the bridge, from the weight of the permanent and 
moving locida. The load was applied by piling the permanent rails of the railway on the cylinders. 
After it was removed, the top lengths were put on, and were filled in with brickwork, and then 
tbe granite bearing-blocks were fixed in plooe. These blocks are 2 ft. 6 in. thick, and are in two 
equal pieces, which, when together, fill the cylinder, the joint being under and longitudinal with 
the girdere. The granite blocks project 1 in. above the top of the cylinders, in order that the 
weight may be prevented ^m coming on tbe upper edge of the ironwork. 

Each pair of cylinders forming a pier is connected ti^^ether transversely l^ a wrooght-ilOD box- 
girder, 4 ft. deep, strongly attached to the top of each. Figs. 1510 to 1S12. This girder also serve* 
the purpose of a croas-girder for supportiiig the rood- 
way. Assuming the four lines of way on the bridge 
to be loaded with locomotive engines, the pressure 
on the base of the cylinders would amount to 
about 8 tons the square ft., and that on the brick- 
work at the top of the cone, where the cylinder is 
10 ft. diameter, to about 9 tons the square ft. The | 
former pressure, however, is on the supposition that 
no relief is aflbrded by the friction of the sides 
against the material tlmiugh which the cylinders 
penetrate. If this were token into account, as it 
should be, tbe 8 tons the square ft. would be much 
reduced, and it is clear that this ptessiue will not 
be approached. 

Superttracluft o/ t\e Opningi IH /(. Spon.— The 
superstructure of each of the openings, 154 ft. span, 
consists of two main girders, underneath which are 
croas-girders, Fig. 1304. The main girders are, like 

tbe cylindets, 49 ft. 4 in. apart from centre to centre ""■ '"* 

transversely, leaving a space between them sofficient for four lines of rails, the roadway platform 
being supportod by the croas-girdets. For tbe purpose ot carrying the footpatha, each of which 
is 7 ft. wide, Uie cross-girders extend beyond the wain girders, forming a series of cantilevets on 
each side of tbe bridge. 

Jfain Girdfrt Spanning the 154-/(. Ofminga. — These girders ate of wronght iron. They are not 
continuous over two or more openings, but are all detached. Fjinh. has to support, inclusive of its 
own weight, a maximum distnbuted load of about TOO tons. Tbe elevation, aectiona. and details 
of these girders are shown in Pigs. 1513 to 1530. The extreme depth of the girders is U ft., and 
the depth between the centres of gravity of the top and bottom members is 12 ft. 9 in. Whan the 
girders are loaded with a maiimmn strain of 1 tons the sq. in. in compreasion, and of 5 tons 
the 8q. in. in eitension (which are the limits allowed tot the wrought-iron work throughout 
tbe bridge), the sectional area in the top, at the centre of the girder, will be somewhat Ifss than 
300 sq. in., and that in the bottom, excluding the rivet-holes, wiU be somewhat less than 2S5 eq. in. ; 
these being the respective central areas of the girders. 

The sides of the girders between the bearings are divided by vertical ban into fourteen equal 
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HrtiL e*eh diviilon eonUintog a double Mt of two diBgon»li cn»8ing e^b oftw. These are 
pUoed, «^e«ly ». prsoticblaTat au angle of 45° «ith the top and bottom of the girder : and both 
Srlfl J, ^ (^ vertiwa ban ue oonneoted to. the top and bottom woba by pins of puddled 
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■leel. The to|i and bottom iceb» of the girderi 
i ft. vide at the top and 3 ft. wide at the b 
being 21 in. dL-ep, and the two inner 21 in. deep. The joiDlaofthe pUteB,in the hohiontal tabiM 
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of the top and bottom webs, are covered by a oontinnoufl plate naming the whole length of the 
girder ; that in the top being of the same tnickness as the plates ooveied, and that in the bottom 
^ in. thicker, Figs. 1525 to 1528. The joints in the vertical ribs in the top and bottom ooeor 
near the pin-holes, and are covered by 1-in. plates, 2 ft. 4 in. long, placed on both sides of the 
ribs, thus forming a good bearing for the pins, Figs. 1529, 1530. The vertical ribs are united to 
the horizontal tables by angle-iron, 6 in. by 6 in., by 1 in. thick in the centre and } in. thick at 
the ends, covered at the joints. The rivets used throughout the top and bottom of the girders are 
1 in. diameter, and their pitch is about 4 in. 

The aggregate thickness of the plates in the horizontal table of the top in the centre of the 




perfectly the holes maybe set out in the first instance, the process of punching always stretches the 
iron ; so that, when the plates are put together, the holes do not come accurately over one another. 
Neither would they have been truly cylindrical throughout as they are always, when punched, 
larger on one side than the other : so that where so many thicknesses had to be united, imperfect 
riveting would have resulted, unless rimering out to a great extent had been resorted to. 

The diagonals which act as ties are of Howard's roUed suspension links, each separate tie 
being composed of two or three links riveted together. The diagonals acting as struts are each 
in one solid forging. The struts and the ties have swelled ends for the pins. The stmts aie 
united together in pairs, by zigzag bracing of wrought iron, 4} in. wide by | in. thick, riveted to 
them, and by bolts passing through cast-iron distance-pipes. The ties, also in pairs, are not 
united together ; but in the centre of the girders, where the diagonals act both as struts and ties, 
the pairs are united together in the two central spcu^es by the zigzag work. The dimensions of 
the struts vary from 12 in. by 8 in. at the ends, to 6 in. by 2} in. in ue middle ; and of the ties, 
from 12 in. by ^ in. at the ends, to 6 in. by 2 in. in the middle. They are 7 in. diameter at 
the ends of the girders, decreasing to 5 in. diameter at the centre, and are 11 ft. apart from centre 
to centre. 

At the ends of the girders the sides over the supports are boxed, being composed of f-in. plate 
iron, stiffened by angle and T iron. Where the girders bear upon the brick piers and upon the 
Surrey abutment, they rest upon roller bed-plates ; but upon the cylinders sheet lead only is 
interposed between the girders and the granite blocks. The force of expansion and contraction 
will probably cause ^e cylinders between the brick piers to rock to and fro to a certain bnt 
inappreciable extent. The girders were put together m nlace on the staging, Figs. 1508, 1509. 
The top of the girder wm put together on the top upper platform, and the bottom of the ^rder 
on the top lower platform, the two platforms being kept at the correct distances apart by dmgonals, 
converting the wnole into a framework of timber. The supports on the platforms, on which the 
girders were erected, were accurately adjusted to the proper camber of the girders. 

The struts, with the diagonal bracing, were also put together at the works of Cochrane and Go.« 
and the pin-holes were bor^ out to the full size ; so that they, and also the ties, were sent up in 
a complete state. When the top and bottom webs were in place, the struts and the ties were 
erected, and the pin-holes in the girders were accurately bored out, by means of a boring apparatus 
worked by a siiall steam-engine, the gauge of the running wheels of which was so adjusted, that 
it might work backwards and forwai^s on the two outer vertical ribs of the lower part of the 
girder. Great care was taken to ensure accuracy in the direction and position of the holes. The 
pins, after being coated with grease, were forced into the holes, the diameter of the latter being 
such that the former could only be driven in by exerting a considerable force, a perfect fit being 
thereby established. The vertical bars dividing the sides into the several spaces are 6 in. wide 
by 1 in. thick. They have not been taken into account in calculating the strains. They fit on to 
the ends of the steel pins, and are in pairs, one on either side, and outside the outer vertical ribs 
of the top and bottom, and are connected together by bolts and distance-pipes. The only use they 
serve is to stiffen the girder. 

The ends of the pins are covered with circular castings, screwed on ; and over the ends, resting 
on the cylinders, ornamented castings are fixed. 

The weight of each main girder spanning the 154-ffc. openings is 190 tons. 

One of the main girders was tested, when in place, with a distributed load of 400 tons, and 
the deflections were accurately taken. The load being very great, and the girder being uncon- 
nected transversely (the cross-girders not having been fixed), great care had to be observed in 
putting on the weight, which consisted of the raUs of the railway. The manner in which it was 
loaded will be understood from Figs. 1531, 1582. The greatest deflection in the centre, when the 



1531. 




1632. 




load was on, was 1-^ in., and the permanent deflection, after the {oad was removed, was J in^ 
Fig. 1533. If the girders had been rigidly connected transversely by the cross-girders, the deflec- 
tion would doubtless have been less. This has since been proved to be the case. 'Aie whole of 



the bridge, in iti oompleted itate, btu been terted by » maiimnin load. Mid the gimteel deflectkm 
or the main girden hu not been more thnn | of ut in. in the centre. 

The plate iron nsed throughoal the bridge was alao tested. TbeM ara intererting, as both the 
eztensioD kod the pennanent aet were CArefullj' taken b; an aecurate '~' ' 
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It has been before stated that the girden are all detached, and n 
more opentngi. Hawkibaw's original intention was to connect the girders spanning the two end 
openings on the Surre; side, and also to oonnect the girders apaDDing the four central openings. 
Aa regards the girders spuioing the two openings on the Surrey side, it was found that it was not 
easy to gain the full adTantage from oontinnity, inaetniich aa the girders having to support a 
ODnsideralilo load, the thickness of the plates in the top and bottom was too groat to render it 
praclicsbtff to reduce them to a minimnm at the poiot of oantrarr flexure. Moreover, the atntin 
on the diagnnals would have been greater at the central support than at the end sapporta, and the 
uniformity in size of the struts ancllicfl could not have been maintained, had their correct dimen- 
sions consequent upon continuity been adopted. It was also desirable not to incresse the strain 
on the diagonals, as the end struts are alr^dy large forginga. The same remarks apply, m 

less, to the girders spanning the four central openings, althoagh i~ ""*" ' — '"- 

would have been gained by continuity. More difflcuUy, however 
in their erection, innamuch as the Conservators of the Hiver Thames only allowed the staging to 
be erected in the river for two of the central openings at one time. It is clear, also, that much 
more trouble would have been incurred in constructing continuous girders over seveial openings, 
than in putting together a series of detached girders. In the former case there wonid be a 
multitude of dissimilar parts, whilst in the latter alt the fprders would b« duplicates of one 



e greater advantage 



another. Better workmanship is thus ensured, and at 
a less cost a ton. In order to ascertain whether any , 
saving of metal would be effected by the girders being I. 
oonstmcted on the continuous or nou-cnntinuous system, 
drawings of both were prepared, and the weights were ' 
accurately calculated. The difference was inconsider- 
able in tne case of the side openings, and was not of 
sulHcient importance over the central ojienings to 
counterbalance the advaoti^M to be derived from non- 
continuity. 

Cna^lirderi for t/it OpmiagM 15+ /(. Span.— The 
errss-girdersforUie openings, 154 ft. span, are shown in 
Figs. 1534 to 1S37. They are of wrought iron, and are 
■nspended from the main girden. Tlie top and the 
bottom of that portion of the cross-girders between the 
main girders consist of two plates, 18 in. wide bv J in. 
thiok. The sides are of lattice-bars, united to the top 
and bottom by two angle-irona, S in. by 3 in. by ^ in. thick. These cross-girden 
the middle and 2 ft. 1^ in. deep where the oantilevera ai ■'-■ '- "■ *-''- 
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the bottom being fiflh-bellied, and the top having a camber of 3} in. in the centre. The lattioe-ban 
are fixed at an angle of about 45° with the top and bottom. The ties are in two bam throughout, and 
each bar varies from 6 in. by } in. at the ends to 4 in. by } in. in the middle. The stmts are in one 
bar passing between the two ties, and vary from 6 in. by 1 in. at the ends to 4 in. by 1 in. in the 
middle. The rivets in the cross-girders are \^ in. diameter. The cantilevers decrease from 
2 ft. 1| in. deep at their junction with the cross-girders to 1 ft. 2 in. deep at the extremities. The 
top and bottom of the cantilevers are composed of two angle-irons, 3| in. by 3 in. by } in. thick, 
and the sides are of lattice-bars also placed at an angle of about 45° with the top and bottom; the 
ties. likewise consist of two bars and the struts of one hex passing between them, each of the former 
being 2 in. by | in. and the latter 2 in. by } in. 

It will be seen, therefore, that the cross-girders are generally similar in character to the main 
girders. They are suspended from the under-side of the main girders at the points where the 
pins occur. They are therefore placed II ft. apart, from centre to centre. The sides of the cross- 
girders, where they are underneath the main girders, are boxed in with plate iron. They are 
suspended by four angle-irons — ^two on either side — and outside the outer vertical ribs of the 
bottom of each main girder, to which, and to the boxed sides of the cross-girder these angle-irons 
are riveted. Bv this means a strong and good attachment is established. The cross-girders are 
connected together by wrought-iron cross-bracing attached to the centre of each, Fig. 1503. Each 
cross-girder, including the two cantilevers, weighs 9 tons. They were tested by erecting; two 
cross-girders in the contractor's yard, placed transversely 6 ft. apu^ in the clear, the cantilevers 
being removed. They were then loaded with 140 tons (equivalent to 70 tons on each girder) 
distributed over the span. The maximum deflection in the centre, when the load was on, was 
I in. ; and the permanent deflection, when the load was removed, was \ in. This result would 
doubtless have been better had the cross-girders been in place and rigidly fixed at the ends to the 
main g^irders. The whole of the cross-girders have since been tested in place with a maxim «m 
load, and the deflection has in no case been more than f in. in the centre. 

Fan End. — The superstructure of the three openings, 100 ft. span each, of the fan end is sup- 
ported bv the Middlesex brick pier and by the Middlesex abutment of the bridge, and intermediate 
to these oy piers of cast-iron cylinders, that next to the brick pier consisting of a row of seven 
cylinders, and that next to the abutment of a row of nine cylinders. In these two rows. Figs. 
1503, 1538, the outer cylinders are 10 ft. diameter below and 8 ft. diameter above the ground, and 
the inner ones are also 10 ft. diameter below but only 6 ft. diameter above the ground, the junction 
between the two lengths of different diameters being effected by a conical length. The circum- 
ference of the lower lengths of the cylinders, 10 ft. diameter, is divided into segments, which are 
generally similar, and are connected together in the same way, as the upper lengths of the 
cylinders alreadv described, of the same diameter, in the piers of the openings 154 ft. span. The 
upper lengths of the outer cylinders 8 ft. diameter, and of the inner cylinders 6 ft. diameter, are* 
not divided into segments, but are cast in pieces complete on the circumference, and 5 ft. long. 
These pieces are fastened together, by bolts 1} in. diameter passing through flanges cast on the 
top ana bottom. All the joints throughout these cylinders are made water-tight by iron cement. 
The cylinders in these two piers have been sunk in place, precisely in the same manner as the 
cylinders of the openings of 154 ft. span, and to depths averaging about 40 ft. below Trinitv high- 
water mark. When in place and when all the material had been excavated from the insioe, they 
were fllled with Portland cement concrete to the level of about 5 ft. above Trinity high-water 
mark. It was not considered necessary to fill in the remaining portion of these cylinders. 

As some irregularities, or deviations from the perpendicular, occurred in sinking some of the 
cylinders in the row next the 
Middlesex brick pier, a horizontal 
casting, extending over all the 
cylinders of this row, was bolted 
to them at about the level of the 
ground. Fig. 1538 ; on this casting 
the upper parts of the cylinders 
of this pier are fixed. 

On account of the great width 
of fan, which increases from 49 ft. 
4 in. from centre to centre of the 
outside girders at its commence- 
ment at the Middlesex brick pier 
(this being the width between the 
parallel main girders spanning 
the 154-ft. openings) to 168 ft. 
from centre to centre of the out- 
side girders at the abutment, the 
system pursued in the other open- 
ings, of supporting the roadway 
on cross-girders suspended from 
outside main girders, was clearly 
inadmissible. It was also imde- 
sirable to introduce intermediate main girders, projecting above the roadway. The roadway 
over the fan is, therefore, carried by interior plate-girders, laid at right angles to the piers 
and the abutment, and by the outside main girders, which are at the ane^le of inclination 
of the fan. These latter. Figs. 1539 to 1542, are of the same depth, and idthough lighter in 
all the parts, are generally of the same character, and are fixed at the same level, as the girders 
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of the opeuingt lU ft. Bpui. The &c«b of the bridge hmTe, therefore, > Dnifarm tippearance 
throughout. 

The interior pUte-gitdera, where thej bear on the e;linderB, re«t on > bed-pUte, Figs. 1503 
to 1543, extending over all the cylindera of each row. Tbef are animected together bj cniw- 
bredins in thecentreof each span, and at points intermediate between the centre and the supports; 
and wnere the; rest on the Middle«ex pier and abutment are built into the brickwork. Ilie 
bottom of these girders is at a lower leTel than the bottom of the outside main girders, iuamiuch 
as it was impossible to obtain sufficient depth without resorting to this arrangement. As it ia, the 
depth of these girders is on); 5 ft., or ^ of the span. If the spans in the fan had been 154 ft,, 
the interior plate-girdera instead of being ^ would have been less than X of the span. Hence the 
advantage oE iotnxliiclag the smaller spaDS nf 100 ft. The elevations and sections of the interior 
phte-girders are shown ia Figs. 1548, 1544. They are of the ordinary oonstruction, and weigh 
about 26 tons each. 

1M4. 




The ontside main ginlera do not make exactly the same angle with the centre line produced 
of the parallel porlioD of the bridge. The shape of the fan is therefore not accurately that of an 
iaoaoelea triangle — the distance between the centre lino of the fan and the centre line produced of 
the parallel portion of the bridge, being 7 ft. 9 in. at the Middlesex abutment. Fig. 1503. These 
outside main girders, which are over the centre of the outside oylioders of the piers, are raised 
above the interior plate-girders by cylindrical makiOE-up pieces or the same diameter (8 ft.) aa the 
upper lengths of the outside cylinders. Fig. 1538. These cylindrical piecea are filled with brick- 
work in cement, resting on the bed-plate, the top being covered with a bed of an inch in thickneas 
of Portland cement, raised ^ an in. above the top of the oylinder, and forming the bearing aurfaoe 
of Ibe girders. 

The triangular spaces between the ontside main girders and the enter interior plate-girden are 
filled in with cross-girders, riveted to the sides of the latter and suspended underneath the former, 
and are tenninatea by eantileven projecting beyond the faoe-girdera, Figs. 1503, 1S38. Theso 
cantUeTers are similar to those outside the main girden of the 154-fl, openings, and like them are 
placed about 11 ft, apart from centre to centre, thus preserving the uniformity. 

The girders of the fan rest directly on their supports, no rolleis being mterpoeed, excepting 
tmdemealh the outside main girders, where they rest on the Middlesex brick pier and abutment! but 
the bearings for the interior plate-girders on the cast-iron bed-plata over the cylinders are planed. 
The ends of the cvlioders on which the bed-plate rests are also planed. 

Raulirag rnd hxilpalh Platforna, — The roadway platform over the openings 154 ft, span, oon- 
aists of planking 4 in. thick, spiked to longitudinal timben, 15 in. by 15 in., placed underneath 
the raila, and bolted to the cross-girders. The roadway platform over the fan end oonsists of 
planking G in. thick, secured to the interior plato^irders and to longitudinal timbers spanning 
the cross-giiden) in the triangular spaces. By abandoning the kmgiludinal timber* in the fan 
over the shallow interior plate-girders, which the arrangemeut permitted, additional depth was 
obtained for these. The footpath platform on each aide consists throughout of planking 6 in. thick, 
secured to the top of the cantilevers. The roadway platform is covered with tar pavement about 
2 in. thick, and the footpath platforms with asphalte 1 in. thick. The longitudinals and the whole 
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of the planking are creoeoted, and the latter is grooyed and tongued with iron, and caolked with 
tar and oakum. The laiis over the bridge are flat-bottomed, and of the ordinary section. On 
the outside of the footpath an ornamental railing, of cast-iron, is fixed, Figs. 1545 to 1548. A 
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1548. 
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1549. 



railing of a pattern generally similar is fixed to the main girders on the inside of the footpaths, 
to prevent the railway being trespassed upon. t. , „ 

On the Charing Cross railroad there are several small iron bridges, many similar to Broadwall 
Bridge, Figs. 1549 to 1553. This bridge consists of six inner working girders and two face-girders 
with a light parapet . 
riveted to the upper I 
flange. It has a span of j 
41 ft., and the depth of I 
the girders is 2 ft. 6 in. ; j 
top flange, 16 in. wide | 
by f in. thick, riveted to |m 
web by two angle-irons, ^ 
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4 in. X 4 in. x } in., and l» 
pierced with holes for 9 
■I rivets every 3. in. on 
each side ; bottom flange, . 
1 5 in. wide by } in. thick, ji 
riveted to web by two f 
angle-irons 4 in. x 4 in. x 
l^in. ; web, ^ in. thick in 
seven sections, connect- 
ed at vertical joints by 
two y-irons, 5 x 2^ x f . 

At each end of girder there is 
a bearing-plate. For face-girder, 
top flange, 9 in. wide by | in. 
thick, not centred with web, to 
which it is connected by two angle- 
irons 8 X 3 X }. 

The girders in this bridge are 
braced by a system of diagonal 
bflffs, 3 in. X I in., connected to 
girders by means of short pieces 
of y-iron, riveted to top and 
bottom of webs about 6 ft. 8 in. 
apart. 

In addition to the ordinary 
angle-iron cover, a strip is riveted 
to the opposite side of the girder. 

The weight of the six working 
girders is 26^ tons ; of the two 
face-girders, 4| tons ; and of the 
whole bridge, 43 tons. 

WellingUm Street Bridge.— ThiBy 
on the same line, is the largest 
single-web girder bridge on the line, the length of the girders being 134 ft., and the span on skew 
118 ft. The girders are 12 ft. deep at centre, and 9 ft. 8 in. at the ends. 

The flanges are 2 ft. 6 in. wide, riveted with six rows of 1-in. rivets. The top flange is built up of 
five f plates at centre, reduced to three at ends. In addition to the two angle-irons which connect 
this flange to web, there are two others of the same size, 5 x 5 x -^f riveted to each edge, Figs. 
1554, 1555. The bottom flange is built up of one {^ and four | plates, reduced at ends to one 







1662. 


^- 


j o o o 
O O o 


a « 

o 

o 

> o c 


o o o o o o 

*^ RIVETS 

O o o o o o 


ooo»«ooooeooo0 

o o O O o o 

O O O o o o o 

»O0O9009»00« e •• 








"^^ m <V# THICK ■ 



1663. y 




\ t.^ B f ^^ L^ {jW W j a ^ tf i'!^ u ^ C^kt^X 


1 


J o "^" 6 b b^o'o'd'o'do ^ o 7) "b" "b "o b "^ o 

} OOOOOOOOQOOOOOOOOOoOeOOOOQOO 




X - - 



a Figa. 1354 to 1558. Fig. 1558 shows the wa? the plates break jo 

The web-plates, with the exception of the eud ooea, 
ore 2 ft. 2 in. wide, the end ones being 2 ft. wide, as 
shown in Fig. 1538, j thick for a length of nine plates ■< 
at either end, and -f/, for the remaining distance. 

Beferting toFigs. 1556 to 1558, il will be seeo that a 
i plate is riveted to the ends of the girders by u 
angte-iton guiiteli, 3 in. x 3 in. x 1 in. : also, that at 
two end web-joints i guatel-phitea are riveted, with si 
lar angte-iron. After the bridge was erected, it 
found Docessarj to stiffen the ends of the girders bj 




attaching reverse angle-iron, 3 x 3 y |, to the end and gtuwl plates. The intermediate vertical 
jmntt of web are connected by two X-uoa gussets, 6 x 3 x *, and two stripe, 6 x J alternately. 
These strips, as shown in Fig. 1551, are cranked to set over the longitudinal angle-iron. 

One end of each girder was provided with a bearing-plate, 5 ft. x 4 ft. x f : the other end had 
attached to it a cast-iron plate, 2 in. think, to bear on eight rollers, 4i in. diameter. The roilor- 
beds are also of cast iron, 2 in, thick, and further etrengtheued by having three ribs, 3 in. deep, cast 
on ; the rnltor-frames are of wrought iron. 3 in. x 1 in. 

A longitudinal section of this roller Hrtangement is shown in Fig. 1558, and a trBnsverse section 
in Fig. 1657, 

In Fig. 1558 the lengths of lop and bottom angle cohti are showD by the number of rivets in 
each. The first have seven and eight holes in each arm respectively, and the second nine and 
ten ; BO that, since the rivets are 1-in. pitch, the lengths are 2 ft. 8 in. end 3 ft. i in. 

The ordinary lengths of 

Angle-bare 13 f1. I Joints to flat bars 3 ft. 4 in. 

Flat bus, 9 X It 17 ft. 4 in. | Laminated plates 6 ft. Sin. 

The dimensions A A, Fig. 1558, are 16 in. each, so that they contain four rivets in the direction of 
length of girder each. Considering one plate only, since there are six rows of rivets, we have an 
aggregate of twentv-fonr l-in. rivets, or a sectional area of 18 '84 sq. in. against 14'76sq. in., the 
seetjtmal area of a bottom phtte throagha line of rivet-holes ; or an excess in areaof riveUof 4'08 

The cross^rden are 41 ft. 6 in. long, which makes the distance, centre to centre, of main ^-irders 
89 ft. The distance, centre to centre, of the croas-girdars themselves, is 4 ft. Tbcy have a central and 
end depth of 2 ft. and I ft. 4 in.; the flanges are 15 in. x i, connected to a J web by 4 x 4 x } 
angle-iron. The top flange has bIbo riveted to it an extra plate, 19 x }, for attaching nndway 

Elate. Fig. 1555 is a section of one of the girders, showing a road-plate attached at B. The 
mgth of the girder is divided into eight panels by vertical X-irons at joints, 5 x 2} x {. 
At each end of the bridge there are also shorter cross-girders; but (hey are the same as a 
41 ft. G in. girder, with a piece out off one end. The ends of the croea-girders are riveted to tlie 
mains with twenty-fooi rivets, 1 in. diameter. 

To the ends of the croas-prder, a cast-iron eoniiee, C, Fig. 1554, is bolted. 

The rivets through longitudinal angle-iron and webs are 1 in. diameter, and thmngh vertical 



T-iroiu. Btripi, and webe, onlTf in. diunster. The weight of each mftin girder Ii 65 tons: of ftll 

the crosa-girdera, SO tons ; ssd al the vbole bridge, 248 tons. 

Bridge oar the BlacJtfriaTi Road, Fi^. 15S9 to 1561.— One of the sbutmeDt* of this bridge ia tX 
right txigim to line, and the othei ool; (lightly out of iqiure. 
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■e 110 ft. long, hare a centra] and end depth of 10 ft. 6 in. and 
I in. wide ; the top is bnilt up of five -f, plates at centre, redooed 
to four at enda ; the bottom is bnilt np of one f and fout A platee aX centra, redaced to one > and 
throe -ft at ends. Each flange ie Mnnected to the webg b; four acgle-ironB 6 x 6 x ^ : eight in 
the whole section. 

The two end web-plates at either end of each Ihie are 2 ft. wide, uid the intermediate ones 
are 3 ft. 

Theprdaii 
the bars are 2 

The eroM-girdem, twenty-foiir in nnmber, have flanges 15 in. wide x 1 thick, riveted to a 
\ web by 1 X 4 X t angle-iron : they ara 2 ft. deep, and each end is riveted to the majn girder 
with twenty 1-in, rivBta; tbe web is divided by vertical X-irons into eight panele. 

The weight of both main girders i£ 106} Ions ; of all the cross-girders, 71 tons 12 cwt ; and of 
the whole bridge, 214 tons 17 cwt. 

The roadway is □□ tbe second syitem, Fig. 1559. 

The constructive arrangement of the bridge, exhibited in Figs. 1662 to 1569, introdnced bj 
Albert Finlc, is a modiflcatioii of the principles employed by Bollman. In this bridge a pair of 
diagonal tension-bars connect the foot of the principal strut, or kitig post, in each truss, with the 
eniia of the top chord. This pair of diagonal bars support one half oF the whole ireigbt of the troas 
and its load. Each half-span is su1>divided by a strut, and two diagonal tension-lnrs extend, one 
to the nearest end of the top choid, and the other to the top of the centra post. Each qnaiter- 
span is again sulidivided into eighths, and these again, for spans greater than 100 ft., into six- 
teenths. In a truaa of this kind, of sixteen panels, the weight at the bottom of the sbnt nearest 
to either of the piers is distributed thus : — Calling the weight one, one half ia transferred directly 
through a tension-rod to the nearest end of the top chord, and to the pier. The other half is 
carried np to the top of the second strut from the pier, and is received at the bottom of that stmt 
by a pair of tension-rods, which divide this half between them, one fourth being taken directly to 
the nearest pier, while the other fourth is transferred to the top of tbe stmt at the quarter«pan. 
This fourth ia again divided at tlie foot of this strut, ooe eighth being transmitted through a 
tension-rod to tbe nearest pier, while the other eighth passes to the top of the middle strut of tbe 
spaD, and is received at the foot of this stmt by the main lenaion-rods, each of which tiansmila 
(ine^ilteenth of the original load to each pier. Thus the weight at the foot of the first strut from 
the end of the truss is diatributed thus : — One-half, one-fourth, one-eighth, and one-sixteenth, or, 
in all, fifteen-sixteenth a of that weight reach the top of the nearest pier, ttiroiigh four converging 
seta of tenaion-rods, while tbe remaining sixteenth reaches the opposite pier, ^ter being brought 
to the foot of the centre strut, through the intervention of three separate syate^ns of tension-bars. 
With the exception of the load at the foot of the centre stmt, which load is transmitted directly to 
tbe piers, the loads at the bottoms of the vertical struts are more or less subdivided before reaching 
the ends of tbe truss. In 1852, A. Fink erected a bridge of tliree spans, of 205 ft. each, acroea 
the Monongahela Biver, Figs. 1562 to 15l>9. The trussee for a single line are 16 ft. apart froln 
centre to centre, and the main tenaion-cliords are attached to the foot of the centre strut, 22 ft. 8 in. 
below the centre of the top chord, thus giving a depth of truss equal to O'll of the span. The 
top chords and the centre stmts are of cast-iron pipes, octagonal in their external form, 12 in. 
diameter l^ween their parallel surfaces, and 10 in. in internal diameter, thus giving 41 sq, in. of 
Boction. The main tension-rods in each truss are each formed of six l»trs, 4} in. by 1} in., givii^ 
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a section of 33f sq. in. The vertical struts, with the exception of the centre strnt, are cast-iron 
octagonal pipes, 8 in. in external and 7 in. internal diameter. 

CAain and Suspension Bridges. — Suppose a perfectly flexible chain or cord of uniform density 
and thickness to be suspended from two fixed points, A and B, Fig. 1570, and when in equilibrium 
to form the curve A OB; this 
curve is termed the Catenary, The 
equations of this curve, of so much 
importance in mechanics, being of 
a mixed exponential kind, mathe- 
maticians were obliged to resort to 
guessing and all sorts of dodges, 
to obtain results which were often 
very far from the truth. The 
results here referred to can now 
be obtained with the greatest ease 
by direct processes of the dual 
calcuius, in an endless variety of 
ways, without the use of tables. 
It may be necessary to inform the 
reader, that here, as elsewhere, 
we accommodate those inexpe- 
rienced in such inouiries with so- 
lutions under simple forms easily 
intelligible. 

To find the Equations of the Cate- 
nary Curve, — Let O be the lowest 
point of the chain or cord A O B, Fig. 1570, OM=:x;Mr=y; and the length of the arc O r = «. 
Again, let v be the length of a portion of the chain, the weight of which is equal to the tension 
at O. If we suppose the part O r rig^d, after it has assumed the form of eouilibrium, it will evi- 
dently be supported in the same manner, and the tensions at O and pqr will be the same as when 
it swung loosely suspended from the pointe A, B. Op 9 r is therefore kept at rest by three forces, 
namely, the tension at O acting in the direction of the tangent O Y, the tension at the point pqr^ 
acting in the direction of /> 9 T, the tangent to the curve at the point pqr, and the weight of the 
piece of cord or chain O r, acting in a vertical direction. Because the three forces just described 
are respectively iu the directions to the three sides of the triangle T/)M, the forces being in 
equilibrium will be proportional to these sides. 

Hence, (Weight of Or) : (Tension at O) :: TM : Mp, pqr represent a very small right- 
angled triangle, similar to the larger right-angled triangle T Mp ; in the language of the differential 
calculus g r is represented by d q:, rp by d y, and pq by ds. Whence, v being put for a piece of 
cord or chain, the weight of which is equal the tension at O in the direction of the tangent O Y ; 

dy f> 
therefore, a I v II dx I dy .•,— = -. 

In every plane curve (dsy = (rfx)* + (rfy)*, and, consequently, j- = { 1 + t^ ) • 

. T Au * ^» Ve« + a« , 9ds 

.*. In the catenary --— = 1^— ,OTdx = —-=== , 

Taking the integral of this last equation, and observing that « = o when « = 0, we obtain 

a? + t> = V «* + »«, or «* = «* -f- 2 1> X. [1] 

When V is determined, [1] is the equation of the catenary expressed by x and s as variables. 

d y V V 

Again, because ■— = - = , which, being integrated, gives 

«* » Vx«-f-2rjr? 



y , x-f « + V Je* + 2rx 

- = log. 

V ° • V 



I x + v , Vx* + 2cx 



[2] 



c being put for the base of the hyperbolic system of logarithms, [2] is an equation to the curve 
between the variable co-ordinates x and y ; v being unknown, but constant. The dual logarithm 
of f = 10», written i (t) = 100000000, c = 2*718281828 .... 

Transposing - — ^ , and squaring both sides of [2], we obtain 



Sy 



» / - - - \ 



X + V 



[3] 



Further, booauac, [1] s' = (* + t,)« - e«, aud 4 = ./» : .-. f . • - ^Y = 4 
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[4] is an equation to the caUnary between the variables 8 and y; it is to be particularly 
observed that v is unknown in [1], [21 [3], [4], but not yariable. Suppose < to be the length 
of a portion of the cord or chain whicn is equal to the tension of Q, then O E = x, £ Q = y, 
0Q = <,ande:9::QG:6E::cfs:(2x .•. ads = tdx. Differentiatiug[l],ors* = *« + 2»x, 
giYtaads sz xdx + vdx ,\ Mx = «dx + cdx; dividing by rfx gives t = x + v. 

Now, suppose the tension at Q to be balanced by means of Q R, a portion of the chain 
passing over a pulley at Q and hanging freely ; then QR = x-f-t7 = 0£ + v; consequently, 
FB = YD = OC = v, evidently a constant quantity, although unknown. Hence, if the tension 
be supposed to be balanced by means of portions of the chain or flexible body hanging over 
pulleys at the points p 9 r, Q, A, the lower ends will be in the same horizontal line, R, D, C. 

Ques. — A heavy flexible chain, each foot in length weighing 20 lbs., is suspended at its 
extremities to two fixed points in the same horizontal line, 106*2 ft. asunder, the greatest depth 
of the curve being 15 '8 ft. It is required to find the length of the curve, the tension at the lowest 
part, and the tensions at the points of suspension, by direct calculation, without the use of tables, 
or methods of approximation. 

In dual arithmetic we have three corresponding numbers, namely, natural number, dual 
number, and dual logarithm ; any one of these corresponding numbers being given, the other 
two may be found by a few simple additions and subtractions. 

We have flrst to put equation [3] in form to be operated upon by dual arithmetic. . 

a:+« = rt' + -^V [3] 

When y is put = 1, x may be represented c*, x and y being both given to find the value of v. 
Hence [8] becomes 2c»^-W2 = f^ + — 






Putting jT- ^ '» the last becomes * 

2 

2c^* = ••--. [5] 

This question being the first of the kind solved by an independent and direct process, without 
employing tables or approximate methods of trial and error, it is therefore necessary that we should 
be particular with respect to details. 

The dual logarithm of 2 is the whole number 69314718, written j, (2) = 69314718,. This 
logarithm is of the ascending branch, marked by a comma on the right of the logarithm below, 
and immediately after the arrow. The dual logarithm of the reciprocal of 2 * or of ^ is represented 
by the same whole number '69314718, and written, 1, ()) s '69314718; this logarithm is of the 
descending branch, marked by a comma to left of the logarithm above. When 69314718, is consi- 
dered positive, '69314718 is considered negative, and tice versa. 



Nataral Numbera. 



Dual Kumbera. 



2-00000000 
'50000000 



17,2,6,0,7,8,2,6, 
t '6 '6 '0*6*8 '2*0 '2 



Dual Logarithm!. 



69314718, 
'69314718 



4, (10) = 230258509, and X, ( ,-7; I = '230258509; 



Kr.)- 



the same notation and arrangement is applied to other natural numbers and their reciprocals. See 

the Editor's works on Dual Arithmetic. 

15 '8 
In the question before us, c* = r^ = '29755178907 ; 

.-. i, (2 c) = i, (1-09096616) = 1, 0, 8, 7, 4, 6, 4, 5, 5, = 8706369, and [5] becomes 

,. - ,7 - 1 09096616 VI i, (t) = 10« = 100000000. 

Then, putting u,, for the first dual digit of z |, (c), and 'u, for the first dual digit of the loga- 
rithm of — « 4, (c) tiie reciprocal to s 4, (c) ; 'uj is nearly = u„ but less than u,. 
To place this matter in a clear light, it is only necessary to observe that 

If X = 1 1,0,0,0,0,0,0,0, then-i = i '1 1,0,1,0,0,0,1,; (9531018,). 

X 

„x« = 12,0,0,0,0,0,0,0, „ l = i'2 2, 0,2, 0,0, 0,2,; (19062036,). 

x^ 

„x*= i 3,0,0,0,0,0,0,0, „ -L= i '33,0,3,0, 0,0, 3,: (28593054,), and soon. 
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U W = i, (1-1) = U 1,0,0,0,0,0,0,0, = 9531018; 

^' (7) = ^' ( rr) = ^' '^ ^' ^' ^' ^' ^' ^» ^' = '9531018 : and 
These things being premised, we have 



soon. 



1 + i [«i . . . . - (1 - T [«'i . . .) = 2c V;r = 2 Vttj X (-9531018); 
but since Uj is nearly equal to u'l , in order to find a convenient value for ti| the last equation may 

be put under the form, + 2 ( ^if ) = 2 c V«i x (-09531018) 

/. ^ = c* », (-09531018) ; or u^ = 100 c» (-09531018) ; 

which gives 11, = (-29755 . . .) (100) (-0953 . . .) = 2-835 .... Because 2-835 ... is leas 
than a convenient value for Uj , but greater than the corresponding value of u\ ; consequently I 3, 
is a convenient value for u.. By pursuing a similar process of reasoning, « as far as the fourth 
dual digit wiU be found to be equal j 3, 0, 3, 4, u„ ; the next step gives the four succeeding digits, 
and at the same time develops the general plui of operating on such equations; besides, any 
mistake that may be made in the preceding operations will be detected. 

i, (1 -33553107) = i, 3, 0, 3, 4, 0, 0, 0, 0, = 28932904, 
Reciprocal, '28932904 = t, »2 7 '8 '2 '5 '1 '6 '5 = J,, ( - 74876579). Putting *, for the dual logarithm 
of j 3, 0, 3, 4, »„ . . . divided by 10«, or x^ = -28932904 + -00001000 a, ; now equation [5] becomes 

•'' — ~ = 2 c V -28932904 + -00001000 ti, = 2 c ^'28932904 Vl+ 00003803 t». = 



(i 0, 8, 7, 4, 6, 4, 5, 5,) V 28932904 (1 + 00001902 u.) = -58682320 (1 + -00001902 n.) 



58682 



~ ( because 1 + -00001902 may 

e5I \ ^ taken for the square root 

528 I of 1+00003803. 



1116 
-00001116 for -00001902 



.-. 2 c a/ -28932904 + 00001000 u, = -58682320 + -00001116 «. 

€'» - pj = 1-33553107 (1 + i [«,) - -74876579 (1 + | [«', . . .); 

1-33553107 (1 + i [tt, . . .) may be put = 1 -83553107 (1 + -00001000 «,), 
and - -74876579 (1 + i [u\ . . .) may be put = - '74876579 (1 + 00001000 w,); 

.-. t»i - -1. = - 58675628 + 2 - 08429686 ( • 00001000 u,) ^ ' ^^^{^ ^ 

.-. - 58675628 + - 00002084 n, = • 50682320 + • 00001 116 «, .-. ti, = ^^ = 5-983 

10« « = i, 8, 0, 3, 4, 5, 9, 8, 3, = 28938887, /. * = ^ = -2893887 

.-. V = 1-72777897 true to the last figure, when y = 1 ; .-. when y = 53- 1, r = 91 -745063 ft. 
From [U «» = ar (ar + 2 ») = 158 (158 + 183 -490126) .-. 8 = 56-11395 
.-. the length of the whole curve, Q OH, Fig. 1570, is 112*2279 ft. x + v = 107-545 ft. 

Tension at the lowest part = 91 745 x 20 = 1834-9 lbs. 
Tensions at points of suspension = 107*545 x 20 = 2150*9 lbs. 
Quea. — The length of a heavy flexible chain A O B, Fig. 1570, is just double the horizontal line 
A B, joining the points of suspension A and B ; required the pressure on these points and the 
tension at the lowest point O ; the distance of O from the horizontal line A B is also required. 
If A X = 1, the length of half the curve, or A Q O, = 2, and equation [4], becomes 

2 = 5 ( €• J- j; and puttings = - «» ;^ = *'• 

When jr = 2' the dual logarithm of c * is nearly = the dual log. of 8* ; 4 « = 8- also. It may 
be remarked here that, in operating with the dual calculus, we may take dual digits much greater 
or much less than any particular one pointed out, and yet obtain, without tentative artifices, a 
result as near the truth as we please. Since this method gives the same result as near the truth 
as we please, by several direct processes, it presents a series of direct operations, and not a sucoee* 
sion of approximate trials. 
I, (7-38905604) = 200000000, and |, (-13533528) = '200000000 ; consequently we may assume 
7-38905604 (1 + 1 [«, . .) - -13533528 (1 + j [u\ . .) = 4(2*200000000 + -09531018 «,): (A) 
200000000, is mcreased by 9531018, for every unit in k^ ; and 2-00000000 by '09531018. 
To find a convenient value for «|, (A) may become 

7-25372076 + 7 - 62439132 ^ = 8-00000000 + •38124072u, 
.-. -37119841 u^ = -74627924 .-. ti, = + 2 or i 2, 
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In practice, one-tenth of the flgores here employed would not be required to find that | 2, is a 
convenient value for u^. TIub may be too great, but that is of no ooniieqnence, as the next digit 
may be negative to compensate for the exceed in taking 

i«, = i 2, 200000000, + 19062036, = i, (8-94075744) and '219062036 = 1, (11184734). 
To find a convenient value of u,, the equation now takes the form, 
8-96075744 (1 + i[«, . .) - 11184734 (1 + t [««« - = 4(219062186 + -0099503310; 

therefore we may put 8-82891010 + 9-05260478 ^ = 8 76248144 + -03980132 ii, 

.-. 11^ = — 1- or = iO, '1. 
For every unit in tf„ we employ 995033, and -00995033; but for every unit in 'u, we employ 
'1005034 and - 01005034. 

219062036, 
'1005034 



218057002, = i, (8-85134984) ; '218057002 = j, (-112977175) 
.-. 8-86134984 (1 i [«,) - -11297718 (1 + t [«•••) = * (218067002 + -00099960 «,) 

This gives «, = - 3 or^ '0'0'3 

This process being continued gives « = 2 i 2, '1 '3 '3 5, 0, 5, 2, the log of •- is 217731902, 
for L 2, '1 '3 '3 5, 0, 5, 2, Putting B for the base 1 • 00000001, then B«^77«ui« = ^ittjiwi. 

The reciprocal of 2-17731902 = -45928042 = o, the length of chain which is = tension at O. 

Butasa<+2»ar = a"; x = 1-592779 = XO. 

x + v = 2*052059 = the length of the chain that amounts to the tension at A and B. 

Qu<;«.— Given the length of a heavy fiexible chain R Q O H N = 1130 ft. (2 a). Fig. 1570 ; this 
chain hangs freely over two pulleys Q, H in the same horizontal line Q H, = 226 ft. (2 6) ; required 
the position in which it will rest, the length of Q R, and the length of chain that is eaual to the 
tension at O. Let Q£:OQR::i:aor6:a::l:n. It is evident that when the chain is in 
a state of rest, what in the foregoing questions was the pressure on the points of suspension Q, H, 
will be equal to the weight of either H N or of Q R = x + f^ the parts hanging vertically. Putting 
s = the length of QO, when QE = l=y; OQR = n;andQ F= EO = ar, then* + t» + » = n; 
p = FR = OC. 

From [3]. a? + t) = ^(«*+-7j 

, since y = 1. 
From [4]. , = |^.'-2^^ 

1 
Whence, from adding these equations together we obtain x + o + « = n = v«* 

/ -\ 1 

n- ^ 1 /rV 
or — = «» or - = I - I 

• • \»/ 

Taking the - root of both sides of the last equation we obtain an equation easily solved by the 

dual method. ^IV = /"j^V = *, , putting * for ]^ 

Hence we have the final equation «• = j —V » or xi,z= I, ( — J =--li (-)• 

Before the introduction of dual arithmetic, independent and direct solutions of equations of 
the above forms could not be effected. 

i,(^l^ = '100000000; and-i = i= ^; .-. * j, # = '20000000. 
... «= :L;o, '62,5,6,8,3,3,= -078658307; .-. «=: -393291535, see Byrne's 'Essential Ele- 

JLa 

ments of Practical Mechanics,' p. 124. The value of jr, = — , not attainable by any previously 

a 

known method, may be almost instantlv obtained under a variety of forms by the dual calculus to 

any required degree of accuracy. In the present case, 

*= y-1'0'62,6, 6,8,3,3, 1,7,; *= ^ 1 4,7,2,1,9,8,2,2, = -078658307, and so on. 

Under the last form aU the dual digits are positive. 

i,(^^^ = '254264202 •-. 4,(^^^ = 264264202, 

.-. - = 12-7132147; and hence i s 2*54264294. 

V V 
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But we have before shown that 



n =oc 



... j^ /" ^ "N = j Y e • ^ = 254264202, and i, f\^ = '254264202 ; 

Whence » = —(,• j-J becomes known. 

s = ^ (12-7132147 - -078668307) = (-893291535 x 6*3172782) = 2-48448448 ; 

Becanfle,x + © + 5 = n = 5. /. x = 2-12222398. 
In these calculations, Q E = y is put = 1 ; but in the question, Q £ = 113 ft 
.-. X = 239-8113097 ft. = EO = QF; « = 280-74675 ft. = arc Q O; and © = 44441966 ft 

= F R = O G = the length of chain that is equal to the tension at O. v + x = 284*253254 ft. 

= Q R = the length corresponding to the tension at Q or H. 

Ques. — In the Chelsea Suspension Bridge, Thomas Page, engineer, the central span between the 

piers is 348 ft. with a deflection O X, Fig. 1571, of 29 ft. ; supposing the entiro weight of the 




chain A OB, when the weight of the platform, roadway, and full load is transferred to it, to 
be 1-5 ton for each foot of its length, required the strains at the highest points A and B, and the 
tension at the lowest point O, as well as the length of the catenary curve passing through the 
points A, O, B. 

V = 174; ^'l^ = ^ = c« .-. 2c = -81649658. 
£ 174 o 

Whence equation [5] becomes 

• 81649658 V « = •'--= 2 c V7; [a] 

f* 

K being put for -— ; v representing the length of the chain, whose weight is equal to the tension 

at the lowest point O. 

We propose to find the value of v under the form I u^u^u^. , To find a convenient value 
for Uj, assume « = j Uj, then [a] gives 

(1 + i [tt„ . .) - (1 + t f"! • •) = 2cV7=2c/%/tti X -09531018 
9531010, being the dual of a logarithm of j 1, or of each unit in U|. Since we arrive at the exact 
value of z^ whether we assume Uj too great or too small, 

(1 + [«i) - (1 - [«i) = + 2 j^ may be put = 2cVuj x -09531018 



tti 



.-. ttSj; =«*(«! X 09531018) = 5^ (uj X 09531018). 
lOU o 



«i = 



9- 531018 
6 



= 1-59. 
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/. The reciprocal of «„ or 'a, may be put = j, '1 '5 ^9 . . . . or ti^, = i 1, 7, 

i, (1-17934889) = 1, 1,7,0,0,0,0,0,0, = 16496249, 
Reciprocal = '16496249 = I '1 '5*9 '3 '4 '5 7 7 = i, (-84792554). 
It is easily found that o, is the most convenient value for v,, hence we may put in [a] 

* = il,7,0,u„ 

/. •• — — = 2 c V' 16496249 4^60010000 M^ 



= 2c V -16496249 (1 + 'OOOSOSlOuJ = -33162478(1 + -00030310m,); 

ff* ; may also be put under the form 

1-17934889 (1 -f i [ti,, . .) - -84792554 (1 + f {.\ . •) == (1* 17934889) (1 + "00010000 u,) 

- (-84792554) (1 - -OOOlOOOOw,) = -33142335 + -00020373«4 
-. -33142335 + 00020373 u, = -33162478 (1 + •00030310u,) = -33162478 + •000100521*4 

-00020143 20143 , ^,^ 

" * " -00010052 19052 ~ 
.-. * may be again put = j 1, 7, 0, 1, 9, iij, when a greater degree of accuracy is required. 

i, (1 • 17957297) = i, 1, 7, 0, 1, 9, 0, 0, 0, = 16515249, 
Reciprocal, '16515249 = i, '1 '5 '9 '5 '3 '6 '2 '1 = j, (-84776406) 

1 • 17957297 1 - 17957297 

•84776406 84776406 

•33180891 2-02733 703 



203 14« 



•00000 

2 c V' • 16515249 + 00000100 ti, = 2 c V^ - 16515249 (1 + -OOOOOSOSttg) 

= -33181570 (1 + • 00000303 ««) 
.-. -33180891 4- -00000203 u- = -33181570 4- '00000101 w. 
- 00000679 679 
"• = ^00000102 = 1^ = ^'^ ...1,* = 1,1, 7, 0,1, 9, 6, 6, 6, = 16515915, 

o, , -mimii _ J - (• 81649658) V 16515915. 



f '1CUW13 



To find the value of m in such equations as \a\ to any required degree of accuracy, and by 
such direct, independent, and simple means, is, without doubt, a great mathematical achievement. 

4r = -- /. V = 302738298 = three times the length of O 0. 

or 4- = 3*19404964; and the length of the catenary curve passing through the points 

A, O, = Va:«4-2i7jr, [1]; 

.-. the len^h of the curve A O = 1 -01828555. But when A X = 174 ft., then v = 5267646 ft. ; 
X -^ V =. 555*7646 ft. ; and the length of the catenary curve passing through the points A, O, B, 
= 354-36337 ft. (526*7646) x (1*5) = 790*1468 tons, the tension at the lowest point O in the 
direction of the tangent O F, and represented by the lengths of the three lines O G, Fig. 1572. 
(555*7646 x (1*5) = 833*6469 tons, the tension at the highest point A, but in the direction of 
the tangent AT; this tension is represented by the lengths of the three lines F R, and the line 
A F. The sectional area at the centre of the bridge = 214 sq. in. and the sectional area at 
A and B = 230 sq. in.; hence a weight of only 5 tons to the sq. in. gives a power at O of 
1070 tons, and at A and B a power to sustain a tension of 1150 tons with ease. 

CoirPABATIVE HKBITS OF DIFFEBBNT STffTEUS OF IbON BbIDGB BuILDINO AOOURATELT EXAMINED. 

Taken from Jules GaudartTa excellent work, ' Intude Comparative de Divers Systhnes de PonU en Fer* 

Qeneral Symbols, 

M = Moment of rupture, or moment of resistance which is equal to it ; 

F = Stress or transverse strain ; 

R = Resistance the square m^tre (6000000 for tenaion or compression, 4000000 for shearing 

strain) (see No. 18); 
p = Permanent continuous load, the lineal metre of girder ; 
p' = Moving load, the lineal metre of girder : 

q = Proportion , of the moving to the whole load ; 

P = Sometimes a weight applied to a certain point of a girder, sometimes the weight of the 

girder itself in its length of bearing ; 
/ = Bearing of the girder ; 
L = Length of the girder ; 
p 
— - = Mean weight of girder, the lineal metre (see No. 37) ; , 

PL • 

— = Weight of the girder ; 

d = Void between the abutments ; 
PL 
— . = Weight the lineal m^tre of girder spanning the void ; 

S = Interval between two successive points to which the load is applied, in giiders loaded in 
a discontinuous manner ; 
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m = -- or -jr-— , aooording as B enters an even op an odd number of tunes into / ; 

n = Number indicating the order of a section of flange or a lattice-bar, the numbering 

beginning at the middle of the bearing ; 
a = Angle of inclination of the struts ; 
$ = Angle of inclination of the ties ; 
h = Height of the girder ; 
t = Weight the lineal metre of a prism capable of supporting a strain of 1 kilogramme, or 

proportion of the weight of a cubic m^tre to the resistance per square mbtre. For iron 

7800k 

* = ^L^^ww^ =0-0013; 
6000000 

U = Coefficient applied to the flanges, the actual weight of which is always greater than the 
theoretical weight (see Nos. 63 and following) : 

y = Mean coefficient of stiffness applied to compressed bars (see Nos. 68 and following) ; 

fl = Supplementary term taking into account the weight of various accessories inde- 
pendent of A. 

The dimensions of an iron plate are denoted by the symbol a/6, the letters a and 6 being 
replaced by numbers indicating respectively the breadth and the thickness of the section. 

For an angle-iron, we write a/b/c or — , a and 6 being the breadth of the arms, and c the mean 

c 

thickness ; for a simple T? ~t>« ^ being the total breadth of the double arm and c its thickness, 

b the length of the single arm (including the thickness c), and d its thickness. 

For a double T rolled, -4:,, a being the total height, c the thickness of the web, 6 the breadth of 

c/d 

the flanges, and d their thickoeas; and, generally, for a double T? consisting of plate and angle iron, 

we indicate successively the dimensions of the web, one of the four angle-irons, and one of the flanges. 

When angle-iron with arms of unequal length is used, the lesser arm is applied to the plate 
and bears the holts, and the greater forms the projecting mouldings or flanges. 

1. Moments of Rupture and TSraneverse Strain for Girders resting freely upon Tvoo Supports, — Let us 
consider, Figs. 1573, 1574, a portion A B C D of a girder included between any section G D and a 
support B, and subjected to various loads or verti- ^ 1573, 

cal forces, as P. The reaction of the abutment 
is a force R also vertical. The reactions exerted 
at C D may be reduced to a force F and a couple. 
The other forces being vertical, F must be vertical 
also : it is in equilibrio with the vertical trans- 
verse strain in the section considered, the value 
of which is F = R — 2 P, the sign 2 Indicating a 
sum. The condition of equilibrium relative to 
the moments of the forces requires that the moment 
of the couple, or moment of resistance of the section 
C D, should be equal to the moment of the other 
forces with respect to this same section. This latter moment, called moment of rupture^ has the value 

M=R«-SP(jp- «,). Its differential -r— = R — 2 P = transverse strain. 

dx 

The vertical rib, or web of the girder, is besides subjected to a sliding strain upon its longi- 
tudinal fibres or horizontal transverse strain. Indeed, if we conceive the fragment GOO'C, 
limited by two sections infinitely near CO, C O', and by a horizontal fibre O O', this fragment is 
subjected, upon C O, to a certain pressure T, and upon C O' to T + dT ; the resultant d T ought 
to be held in equilibrio by a force of adhesion TL^edx upon O O' (0 = thickness of the web, R, = 
resistance to shearing strain. 

The maximum of this action occurs when O O' is situate upon the neutral axis ; for then T is 
resisted by the force of all the compressed fibres situate above this axis. As the flange has a 
section usually greater than the rib, and, besides this, contains the flbres which are most acted 
upon, the point of application of the resultant T will be very near the flange, and its value will be 
approximatively equal to the moment of rupture M divided by the height A of the girder. Conse- 
quently we shall have dT= --- ='R.edx, whence e = =r— r = =— r , which may be ex- 

A cfjc R|A R|A 

plained by saying that the vertical section <pA of the rib should be capable of resisting a shearing 
force equal to the transverse strain, a condition which enables us to calculate the thickness e. 
. 2. Motnent of Rupture and Transverse Strain due to a Load uniformly distributed. — If the load p 

per lineal metre extends throughout the whole length of bearing /, the figure of the moments of 

I 
rupture wiU be the parabola M = - px (/ — x), the abscissee being reckoned from the abutment. 

2 
This parabola has its axis vertical, and the value of its parameter is ~ ; the maximum moment in 

the middle of the bearing is^ . The transverse strain is represented by the right line having 

o 
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for equttion F = p (-'— x); it ia = in the middle of the bearing. Considering the beginning 

of the co-ordinates in the middle of the girder, we should have ^=f(T~"*'') *°^ F = — j3 a/. 

.3. Let us now consider a load p' per lineal metre, uniformly distruiuted as j9, but extending 
only over a portion of the bearing included between the fixed abscissoB x = a, and ar = a + 6, 
reckoned from the left abutment. Then, in the first interval, of length a, the moment of rupture 

due to y wiU be represented by a right line M = y^(2/ — 2a — 6)«; in the second interval, of 

length 6, by an arc of a parabohi tangential to the preceding right line, and expressed by 

M = —(2/ — 2 a — 6) a: jj' (* — a)*.* and in the third interval, of length / — a — 6, by a new 

tangent to the parabola, namely, M = ^— ^-^ (' — ^) • The figure of the transverse strains is 

a broken line, the extreme portions of which are horizontal. 

For the maTimiiiri of the moment of rupture p' must extend over the whole bearing ; but for 
the maximum of strain at the point, the abscissa of which is x, p' must lie only between this point 
and the most distant support. If it lies between the point in question and the right abutment, 
the force is positive, if we consider as positive those forces which act upwards ; it is expressed by 

F = ^ (/ — x)*j and is consequently represented by an arc of a parabola, the ordinate of which 

upon the left support is A = '^, Fig. 1575, the ordinate in the middle O E = ^ , and the 

2 o 

ordinate at B s ; this latter point is the summit 

of the parabola. When, on the contrary, the. load 

is placed upon the length included between A and 

the point the abscissa of which is x, we have as the 

^gnre of the straining forces, then negative, another 

parabola AFD, having its summit in A, and the 

maximum ordinate of which, absolutely expressed, 

ia — B D = — ^ . Thus the load p', by changing its 

position, produces at each point of the bearing transverse 
strains sometimes positive, sometimes negative. 

4. In brief, if we have at the same time a dead weight p and a moving weight p\ the maximiim 

moment of rupture will be M = -^ iP + p'y^Q'~')i fti^d the transverse strain in the left half 

1 p'jt' 1 / X* \ 

bay F= ^ip + p')il - 2x) + ^-— = -ip + p')U -^ 2x+ j qj, q denoting the proportion of 

the moving weight p' to the total weight p + p'. 

The vidue of the area comprised between the figure of the moments of rupture and the axis of 

the x's is z^ (p + p') i*, and the area of the maximum straining forces, absolutely expressed, is 

T (P + P*) ^ ( 1- + ^ 9 ) for the whole bearing. Dividing these areas by /, we shall have the mean 

ordinates of the moments of rupture and of the maximam straining, forces. Sometimes the effecta 
do not depend exclusively upon F or M, but upon a function of the form B F — A M. Now if we 
consider only p', this function will be greatest when p' extends between the point considered and 

the farthest abutment ; it will then attain the value ^ v*""^) (B — A x). 

5. Effect of Loads uniformly distributed at certain intervals. — When a girder supports discontinuous 
weights P, P'^P", . . . applied to points having as their abscissce a, a + 6, a + 6 + c, and so on, and 

such that P = n jp (a + 6), ^~oP(P'^^)f and so on, the figure of the moments of mptnre is a 

polygon inscribed in the parabola which would correspond with a load p per lineal m^tre, imiformly 
distributed over all the parts of the girder. 

Supposing each of the extreme intervals equal to a, all the intermediate intervals to 8, and 
/ = 2 a 4- N 0, the permanent weights applied to the points of division will be equal to p 8, except 

at the extreme points, where they wUl be -^ p((i + 8). The load p* will furnish analogous weights, ^ 

but they can be only on a certain number of consecutive points of division. The transverse 
strain for a given load is constant in each interval, but varies from one to the otiier. In order 
that it may reach its maximum in the interval preceding the point having as its abscissa a-}- Kij 
the load must be applied to this point and to all those which follow it, as far as the right abut- 
ment, the point in question being supposed on the left of the middle of the girder. We shall thus 
obtain for this maximnm, 

but this formula does not apply when k = 0, that is for the extreme interval ; in that case we 
have F =^ (p+/>')(N«4-«). 
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6. Usually all the intervals are equal to each other. Making, therefore, a = 0, and / = N B, 

we shaU have F = ?-(p+i>')(N-2jc + l)ri + xt.x/*7^\ ,x ?! ™ *^e interval included 

2 L N(J«J — 2*c+i)J 

between the abscissio (k — 1) 8 and k 8. This formula holds good for the first interval. 

To find the sum of the values of the transverse strain in all the intervals when N is an 

even number, take the sum of the preceding expression in which k assumes the successive values 

N 
1, 2, - , and double the result for the whole bearing. We thus obtain 



„ = (,.,,-(,,!^S), 



and multiplying by 8 we shall have the area of the polygon of the maximum straining forces 

absolutely considered. When N is an odd number, find the sum on the supposition that k 

N - 1 
varies from 1 to — ;r — , double the result, and add the force of the middle interval which wUl 

correspond with jc = -^ . We thus obtain J F = (p + p') ' ^^r^ fl + l ?) • 

2 4N \ 6 / 

The area of the polvgon of the moments of rupture may be found by taking from the area of 

the circumscribed parabola X small segments, the chords of which have each 8 as a horizontal 

projection, and the surfaces of which have the constant value r^(p +p') S*. Wo thus obtain for 

N^ — 1 
the area sought Cp + p'}l* 19 ya > * formula which applies whether N be an even or an odd 

number. We should have — (p4-;>') C* — ^8' — 2o») in the more general case in which 

/ = 2a4-NJ. 

7. When we have to consider an expression of the form B F — A M, where M denotes the 
moment of rupture with respect to the point the abscissa of which is k 8, and F the force in the 
interval preceding this point, we shall raise it to its maximum by applying the load to the point 
the abscissa of which is «(8 and to the following points of division as far as the right abutment, 

ic 8 being supposed less than — . We obtain in this way the maxima value 

* 1^ (N-k)(N-« + 1)(B-AkJ), 

the term due to the permanent load not included. If, on the contrary, F were the force beyond 
the point the abscissa of which is k 8, to obtain the maximum we should have to suppress the 

weight at this point, and the formula would then be ^ (N — it) (N — ic — 1) (B — A ic 8). 

If the expression considered were of the form B F — A M — A' M', M being the moment at 
the point the abscissa of which is k 8, M' that at the preceding point the abscissa of which ia 
(« — 1) 8, and F the force between these two points, this expression would be 

1^ (N - ic) (N - IC + 1 ) [B - A IC 8 - A' (ir - 1 ) 8]. 

8. Moments of Rupture produced by the Passage of a Wheel,— A weight P applied to the point the 
abscissa of which is a, reckoning from the abutment, would produce moments of rupture repre- 
sented by two right lines beginning at the supports and meeting at the loaded point where the 

ordinate reaches the value ^ ""^ . But if this weight P be a wheel rolling from one end of 

the bearing to the other, the maximum moment at any given point will be produced when the 
wheel is passing over this point, and the maximum moments will be the parabola having the 

equation M = — -^ and the parameter = . 

If the girder support besides a uniform load P per lineal metre, it will be sufficient to substi- 

tute for P in the preceding equation P + ^ . 

But the parabola representing the moments due to P is only an imaginary one, since at any 
given instant there exists only one of its points, the one determined by the ordinate on the right 
of the load ; and the moments of rupture at this instant are the broken line of which we have 
already spoken. The force F is also not derived from the parabola, but the inclination of one or 
the other of the right lines composing the broken line, according as we wish to find the force on 
one side or the other of the section considered. 

9. Moments of Rupture produced by Two Wheels. — The two wheels occupying a determinate 
position, the moments of rupture are a broken line composed of three right lines. But to have at 
a given point the maximum moment we must bring one of the wheels of the vehicle upon it, 
the other wheel so placing itself that their common distance d remains constant. If ttie left 
wheel P be placed upon the point the abscissa of which is x, the moment of rupture will be 

X pi 

M = y [Q (/ — x) — F d], Q representing the quantity P + P' + -5- , on the hypothesis that the 

girder supports besides a permanent load p a lineal metre. 
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